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DESCRI PTI ON METHOD FOR PRODUCI NG a- METHYLSTYRENE AND
HEAT- RESI STANT STYRENE- BASED COPCLYMER USI NG THE

a- METHYLSTYRENE 5 Technical Field [0001] The
present invention relates to a nmethod for obtaining
hi ghly pure a-nethylstyrqﬂgséﬁuﬁn@mjynerization
mononer. More particularly, the present 10 invention
relates a method for purifying a-nethylstyrene to a
hi gh purity by renoving pol ar substances, such as

g sub. |
2 R ROpHER ERINGEING OB T SO REAAANBTRAT RedisTANT
subst %f?REWﬁ%E@ED%éP@ PROER 8%@&%@3&-%@?@%&@%

wi t ho requirrng a conplex process. reover,
present invention relates to a styrene-based copol yner
having little coloring, and 15superior heat
i weat her resistance, nelt stability,
2%@33%??%%@, strength and rigidity able to be obtained
?%%H ing this nononmer. Background Art [0002]
t?rene-based resins are used in an extremely w de
[ anggngl AR Gl Aeh 3Siafbs’ 351" MUNBE" M oktaltiig "Aighly pure
p 0 einterns o

superior materia erf ornmanc

PIABMORNTERY o' o pabbrs I IR RRTY S, hioBdf IR present
PRAGES Ml AR08 o g s A SR gy remoin
B 548y DG P REPUESESd 24 T 1588 ouns i
U314 B0 il B G oRT HTSod B A8 erin
?éfﬁ&\faﬁ'séa%n bgoééf'ﬁ@feidzﬂth@ﬁ} r%rquﬁmdl §i c?d?nﬁgk V&B&és%?‘t iI\ﬁ’(fhaover, the

present invention relates to a styrene-based copolymer having little coloring, and

superior heat resistance, weather resistance, melt stability, moldability, strength and

rigidity able to be obtained by using this monomer.

Background Art
[0002]

Styrene-based resins are used in an extremely wide range of applications as a
result of not only having superior material performance in terms of transparency,
rigidity, dimensional stability and the like, but also as a result of being able to be
processed in various forms such as rolled sheets, fiims, foamed sheets, foamed
boards and blow molded articles, and because many styrene-based resins can be
produced inexpensively and in large volume by bulk polymerization using radical

polymerization, solution polymerization using a high monomer concentration,
1
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[ 0003] Al t hough typi cal exanples of styrene-based
resins may include polystyrene

(GPPS), styrene/ acrylonitril e(AS), styrene/ met hyl net hacr
ylate(Ms), 5 styrene/ nethacrylic acid (SMAA),

| e ' . . .the |ike, styrene
sﬁ%yﬁeg\%olﬁ%/@rﬁérﬁggpﬁg %#‘g%éﬁ%%t@n'used t he nost
[dﬂ&%ersal ly. [0004] Pol yst yrene has numerous
superior properties, and because it is inexpensive,

I
B2 BRI S8 ARSI peipspe 4.
SHRPIfefobL A8 G, o Ermeid A JSHI A e e
ST o RRUFLRTGSRIS LR SERER vl o

[@Hiprrent packagi ng, electric refrigerator trays,
cassette, MD and MO shells (M scel |l aneous Househol d

nopl OYabFeR e Rl RehbchERedSsy thy Bepllel) R hftpensive,
o SRR BBk oSN T Sl o8 pications
tlelor 36 LPAAREEERAMS osin T rom 25bei ng tsed due {0
t no (s AP @b Pince T about 100 (gl ass o
trapghdindd SHMBLR! Hosthed 'heBP PESER LB Robdl Uoktdifers (foamed
sheet: PSP), clear cups, spoons, forks, vegetable packaging sheets (biaxially oriented
sheets), envelop windows

(Home Appliance Applications)

Television, air-conditioner and OA equipment packaging, electric refrigerator
trays, cassette, MD and MO shells

(Miscellaneous Household Goods)

Toys, stationary articles

(Building Material Applications)

Insulation (foamed boards), tatami mats (foamed boards)
[0005)

However, there were some applications that were unable to be satisfied even by
the performance of this resin, such as applications that prevented this resin from
being used due to insufficient heat resistance. More specifically, since the GPPS

heat resistance is about 100°C (glass transition temperature), in applications involving
2
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contact with hot steam for disinfection by boiling,
food packagi ng applications requiring heating in a
m crowave oven or applications involving nol ded
aut onotive parts susceptible to exposure to high

cHESRC B lbrt 16 AR Mo iR BRI, SBictions
rq%gq%gg%rt{nlg;ih qu gﬁ%gkggg g&?@, of %paﬂ%ti\éﬁé ir?vfﬁé\ﬁ% @'Wde%gautomotive
P%@?%?ngrﬁebﬁbﬁ fggﬁ;oé;rul%go W?gﬁﬁ}hpgggg%%r thx%t%déé}h?ﬁ Ctﬁllsj C(gsin was
61 REEeBiEod BRe: BReREpeRE diaTiatf ol

| ymers of styrene and 10 nmal ei m de anhydri de. Heat
[@ggrstance can be arbitrarily changed by controlling

or o, W8t paneRa. e haaliPrstncertt Boykhde 4/ incude
opgynzig AFars it A menAien San Atk BOE ARG Gibup,gramples
o TBEGhhger Rel® AZEGr e e, A a0
CORRVTHER, SIS BB, Andgbereathyarids LM e opBisP) oP siygene and
o i B o A SHBBRA oo e
Aok S ARG ReE Cr S R, i arS, SReaBRs e do LB Zppolymer
pRBGRcT dift exARPie s avp el eXBpPRLAE et ritanCelyPlR Hpsed resin
GO a5 SNV PaS AeY 62t i (P AN o AL B fgrm 105 to 126°C.

RS Tash PBNmEFR, Maiial Mg Aae BT oRih ATE Skmefag to hih
it difficult to,recgple and r%ﬁge resins, For ex
[

A | , .
tSRATEYETS B GTBSAKISE 15A66AN O eI BRIMMST eheine ccgiiy due o side

materials (skel etons) are generated duri formatiqQn
regrctions G then BORL AFPS¢ 8RR GRch e in Gele sl e Tormed that
nol ded articles frombiaxially oriented sheets. or .

ChUReraq desiEse In TRIGNS, PiocsSsAANIty dus, B dnas5asss: Misgpsily. thereby
mxing with virgin pellets after being cryshed or cu
PlRYENHI9 dbese pRIYEIETS \fremB  Reing b@ﬂqsaﬁﬁ'va%cg;eﬂmi B Usgfso from  the
gener al - purpose resins such as pol ystyrene. [0008]
VEWRRENRPT dualitysRndguedwViIY-f ficul t if the flow

&HoEerties of a resin change due to crosslinking of

[30dh nol ecul ar wei ght pol ymers during nelt processing,

and there was the problemof |imtations bein | aced
on tmadejien,gncrepsed spgegpibler gy the RGFUITPRATE O cm%sé’nw reactions
pel l ets, Moreover, copolyners containing.the %Jar .
upgeicgangitians gf bigh-teperaiire yelbiptention MeasitingTeRsed sysceptibility of
with pol ystyrene and even if m xed by nelting, not.

high| rolgsulan weight polyangrs te defereatien durng MYUdiRg Rrecgssing, thereby
properties, but also cause a | gss of transparencx, .
makisie b yditicdl dnreeusla ABd dersh FeSRRr ST SAMRIEHYhen obtaining an
recycled to general -purpose polystyrene. [0009] Wth
injertion feelded a%glee@ﬁﬁagatgrlﬁléi(ﬁgeleipawe%remnér&t%fiuv@ formation of
utilization of resins in 15 recent years, varijous .
SPigeanc fuRNEs GampRpeHist ABdWheay eblgining maldqd geiglesnfiom biaxially
i mpl emented. Being able to recycle, rework and reuse

resins is an essential requirenent on the resin

markets of the future. Resin materials devel oped in

the future will be required to be resins able to be
effectively recycled w thout undergoing hardly any
decrease in nol ecul ar wei ght or generation of nononers

due to severing
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20 of the polymer chain even if going through several
rounds of nelt processing. Thus, there is a desire for
the devel opment of resin materials exhibiting higher
melt stability than conventi onal styrene based

o ks Bﬁﬁéﬁleﬂe%xes and 65 P ERIL eeaJSFﬁyvmﬁgx mixing with
Hfaf Eéﬁ’%t%%ﬁv%%ﬁge efnBa.gF 857’ ' By SR el eufid e hatially mixing

ik Y S T P

ﬁél?d to obtain flow properties simlar to those of
p@ yStyrene during nol ding processing, it is necessary

an | i GoleharBes ReRanE %.ifﬁviqﬁ't’é’f&%t W PR ER Ol e Ciange due to
C‘%ﬁ%ﬁ"ﬁ%’ﬂiw é%ﬁ Hr&?k]scu %jrh\&é’l q‘t’xﬁhg ﬁ‘%{‘;ﬁ’p{:’%%lr% and there was
BSOS (3iDichs e b V%%%‘” REo et g?ﬂg,s £Yor recycling to
FIGREPRIS.° phRers coip rﬁ?rﬁi‘coa?a'wagﬂmof‘aa "iatobal.qroup typically
m\/%grg@tr‘f%tg'm"dah%pandﬂg pslp{gtyﬁe@g g O%g;l%q g}sgé p?/rn%el?ng not only do
S 3 RSSO R BRSERE. WSR2 e oo o
éﬁ%a%wax o tgfel,cPRyBRnG) PRee P SRAVERS dfom ofeing Fecycled to
erature Pe content of a-nethylstyrene
|q$@ reaéggyo(sggglys N%xanpl e, Non-Patent Docunent 1).

i@ 12] However, in the case of attenpting to
ymerize styrene and a- net hyl styrene using a

E%S' R s i B SERRERY BB R on et e Hlaopyof resins i
aa%e oﬁﬁgdéugﬁ%ﬁﬁii‘%aﬁeﬁ@h& Sipthi sk, bogL ) daveloped and
1"HB &Rk ?e@e%%ggt%ﬁggl{e{gf/ l)fcr)gvglé ghcg,rrlgﬁ% é’ﬁ%Hgflts an essential
Sitemidt ppche g oFnerkeront Fonf e cBREBTatgRals developed in the
2@”“ e E;ﬁ"?%q q”n%P%a%S%’eJﬁéﬁS@s@p@veiL@cweamﬁm ipgergoing
Id| roces '%bcon itions due to poor thernal

PW agggg Gl rﬁ)g wey pé9nerat|on of monomers due to severing

of the polymer chain even if going through several rounds of melt processing. Thus,
there is a desire for the development of resin materials exhibiting higher melt stability
than conventional styrene-based copolymers.
[0010]

Another problem of conventional heat-resistant styrene-based resins was the
narrow range of processing conditions during molding. Improving the heat

resistance of a copolymer is equivalent to improving the temperature at which flow of
4
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resulting in the generation of nononmer conponents and
susceptibility to decreases in nolecular weight.
[ 0013] On the other hand, since a-nethyl styrene
can undergo |iving anionic polynerization by using a
butyl lithiumijnitiat Q t rene and
3he PebHi Srprehesinsn HusafidbBFTRIRb %yow. gpgtes simar to
an|0n| neriz t|on or exa
Bdydtiene” dutid ahfs BRIvEEHRA. flals BRGRESary to raise the

pro sed for so| V|n the rrs of. radi cal, sol

If%P F\pzéqmm{a%pe 'F%ﬁpﬂﬁd'agt 9 iaN fYPIYEERD menE N Heat resistance.
S%P‘é‘?}/@?: lga F?ﬁ%s?rgé: g%g[leag bﬁaei cgg%ingfsgléﬁp%nw ﬁVpEOIS? functional
epﬁexn ot Eonsiaie fenGrigiue ek S By, r4Hhgonding t

o s e S A R B oo
nethylstyrene qnnoner nd [ vin

SO, had sBredent Reerwer: ioBlEs iy falpe, 3t Pagting 16 tecreases in

reacti.on %&f renaln constant at all tlnes, and
dre@ctivity, BV?@%nng ef fects: 151)hi gh nol ecul ar
poI nmerization is possible due to the use of a living
iﬂerlzatlon nmet hod; 2) the content of
a nethylstyrene in the opol n _be controll e
ﬁvéfﬁah

o1 nod NerR 3R MesIausnor imp BRSPS C%fdst%ene-based
kept constant; and, 3) thermal sta t

FEPING By YSiRg gvBeneIner 2'15“@9@5:519&&98 inofh %eﬁaf 5itieng) group.  For
20bonds, tail-to-tail bonds, and ot her unstabl e bonds

i PXaMpe. (P PP UHBPMOLHYIEBE ANheMetNWsWERNEns Kiowno demonstrate an
ani oni c polynerizatio

dnerease ipdhg nelpsy dtanéﬁionstefw]f%tarq @SHﬁsec éﬁ?tPB{ é>¥tfb glfyistyrene
effects of inpurities contained in the raw materi al s.

lipcreasaes Eae.dpr exanplgNanPaint BosUREBWA- t o

[0012]

However, in the case of attempting to copolymerize styrene and
a-methylstyrene using a typical example of an industrial production process in the
form of radical solution polymerization, none of these methods have been able to be
used industrially due to numerous problems as indicated below:

1) high molecular weight polymerization is difficult due to the low ceiling

temperature of a-methylstyrene of about 60°C;

2) target heat resistance cannot be obtained due to limitations on the content of
a-methylstyrene in the copolymer; and

3) thermal decomposition of the copolymer occurs easily depending on molding
processing conditions due to poor thermal stability during melting, thereby

resulting in the generation of monomer components and susceptibility to
5
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25easily react with pol ar substances such as water,

al dehydes, ketones and al cohols. If polar substances
are present, even in trace anmounts, in an anionic

pol yneri zation reaction system the active anions
react with the polar substances resulting in the

f or ARATEHIFSJP "&'%H'aé s, thereby causing the problem
of interrupting polynerization. Consequently, when
[0035 ying out living anionic polynerization, polar
substances in raw material s st. be reduced,, an

, d. . I

ent PAndRe opthe| hands | $86a ne-dRethyislyrenge GaBa MNAGIYCs living  anionic
te be | d, ch i ble. [.0015

RN MEGERT oy ORBOA B0 PEDe G G a OB RYTIR: s SHAgne and

SISO o e B RS e o, o

e polla%/trreri zation process resulting in the
|

th

exparlp P atept Detuee H-or mat i on of col ored 10

substances. In this case, this c result jn colorin .
of TRRICIo0f y AuRetpd dies, Beste RraPRSHO g EaVpR JbF akpbiems of radical

roperties, thereby making. this undesirable. Fromthi.s
SSUA BPMMeHZaR by CABIIES Ut NG, ATIG ROpRISTZafgn Gecording to a
materials are 8refe_rab| y eljimnated as

| . rrucﬂ S ..
CREELPYS eVingoRBYMESZRIAE dPethpie USRI Eal CQFP glesgnbine type of
PRREREASHC Ay B R oFaE e RIS AR ). pAbisomethod s

producti on process contains a step in which cunene
A e At R 2P HHoeOYPerzataR: YaRe 8t AR BRSS! complete
curmene is concentrated to 80 to 85%fqllowed by acid
Midiegh RPRFIRN BURh Hhat e sencai@tiaes ob remeHyIsieape AhorRReToftyrene
/ washing. The resulting crude phenol contaips such 20
monEReRABAJVES GRPELEIS Prieantn et iRg PolimAtEAYeN FACAR System
and phenol, and purified phenPI i s produced fromthis
remalg sopsanat alimassand plers dhe follpwing effectshe sane ti ne,
acetone and a-net hyl styrene are respectively separajed | .
andhigBc sialecedar pelymergatiary dippessiibgr 8He Ibcifetps §F @ living
and 4). [0017] 25However, in the case of attenpting to

r espRI¥elzationdeethedit e and recover acetone and

a- met hyl styrene si nul taneous to production of purjfied
2hhethel Cantentft arangthvistisese ipdbe ropelymeh $@8, be gentrolled since the
follow ng probl ens occur. Nanmely, substances having a

boi wmrgngeﬁlcm indhe eqaction sysemeaNekaph GPRMIMARA.f or

whi ch separation is difficult by distillation are
3)r ethermalastabilityt dusinggnalting ipptoxRs diledadthe Absaner Al head-to-head
and ketones produced as by-products during, phenol .

pr obeRds; dail-tortails bopds @nds giher awnstablenbpngs in the main chain of
contamnating 5 the a-nethylstyrene in the form of

i mpeenalyresr due torke bsesef Tiorit selymesgaliad. puri fi cati on

al one.
[0014]

However, living anionic polymerization is typically susceptible to the effects of
impurities contained in the raw materials. In particular, active anions are known to
easily react with polar substances such as water, aldehydes, ketones and alcohols.

If polar substances are present, even in trace amounts, in an anionic polymerization
6
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[ 0018] In addition, a nethod is carried out for
the purpose of renoving inpurities containing polar
subst ances conprises supplying crude a-nethyl styrene
to an 10 al kaline washing tank prior to distillation

and. washing in the tank foll owed by s lying to.a ,. .
reRGion| VAt e AN AYPeEaGi It (B BRIl Fubstances réSulting in the
a- net hyl styrene (see, for exanple, Patept K Docunents 5 . .
TR of PSS e{sf EUSBOGRe R G! IEPaip 5P RapHRgzation

washi ng tank accordi ng .to the above netho

0. ' t.h ,
Coasaauentlyy WHEN £aImingsQH SVingconif %'m?ff%?g%zwgfsﬁ?@ces in
W anaigh e v e LB SR e PR RGBS i roacton

of trace anounts of pol ar substances. In addition,
sYSleRLMYBL PRSYRPIRSSSE\AS MYLHLAHRRFS o nsi dered i nvol vi ng
reacting pol ar substances in an al kal i ne washi ng tank
@' ¥btain lowy volatile substances and increasing the
difference in relative volatility petween these .
subdh Addkionathe abAve MENLeRAdsReaF SPE%B‘E?%?"C’ reaction products of
distillation, in this case, golar substan%f& 2q cannot £ th
35tive aRtove AndrQialssubstances dnABigo; dedenpeAfien qUsing e &ayrse of the
0
ptgj%ér?ﬁ?%!ti%q 1&89/%&3;,[ 2%134{:@[ [i\rbd%oag%ﬁlgtlgséfng?endfbm?&ion of colored
pol yneri zati on nmononers in the form of tyr?nes in the .
subsfanegsor N Mg cAsR | thgccanaeavih g GRlemnaAf fznek%a Yrgr or decreases in
subst ance such as an _aqueous sodiLwnéﬂg osqlfa&e o .
rodimari Ritysisal Reppesies. thekeky mrkingdhisunaestablg: i bremy s viewpoint
water followed by drying and distillation, (see, far
a8, el IPelar IgyRsteReesHIN tﬁsaawern@tegy'.s %w&)‘e@,b'va?'maaf&ﬂ 3Spfguch as
above nmethod makes it possible to elimnate the use
ressiflepol yneri zation inhi bitor, peroxide and pol yner,

ol ar substances cannot be conpletely renoved from
[B01&t hyl styrene for the same reasons as in the case of
washi ng in an al kal i ne washi ng tank as descri bed )
abo\Howeven 1be typigal RErsess &, Indystiial \pgeducting oh gomathyistyrene is the
i ndi cated including adding alkyl lithiumand the | ke
cuprensrrRieaPk RPHUAHION o PIRSESSrer | BT | GINENS-RRENO! | Rf&g%cﬂon process
pol ar substances followed by distillation, in this _
contains a Fiepdn whirh cusRenst Rydseraiaxide ghtaingadyhyeexidation of raw material
oligoners and the |ike are formed acconpanying the
QUENRRIE] 9 gONearTtiatertondRitg 85%dellavsishby é?lég)epemsesmon to phenol and
industrially suitable. In addition, the nononers nmay .
asetopeeanch meriralizatien) /\washingto Thei tpsHENG @ude heRg 6‘?{%3'"5 such
the distillation conditions, thereby havi ng the .
spibstancesa s fagetdngy iwalera coeene mermethylstyrens agé phenol, and purified
pol ymeri zation. [0021] Anot her exanple of a _
phenplis produgae fromi this arudet panst Py «hddilatign, i whileuglethe same time,
purification using a colum packed with silica gel,
agetomenand o-inethyistyrane gse rrespeactively sepatated |anderecowrred (see, for
for exanple, Patent Docunent 2 and Non-Patent Docunent
expmpie\Ratent Docheestsphiahd Ay nmaterial s usual ly contain
acidic or basic conponents. Nanely, in the above
[6@1Hod, there is a possibility of an acidic conponent
present in the packing material causing the formation
of |However, dttheznasauof giemplingjorrespectvely separata andyeeower acetone
or a basic conmponent present in the packing material
ardus-meghyisiyrdee simnatanepus taoprodottion efunsifias beneldisifigdhe process
nol ecul ar wei ght condensates.7 The fornmed ol i gonmers or
hi gh nol ecul ar wei ght condensat es contam nate the
nmononers in the columm, and if polynerization is
carried out using these contam nated nononers, there
Is a risk of polynerization being interrupted or the
reaction being inpaired in other ways. Moreover, since
t hese oligoners and hi gh nol ecul ar wei ght 25
condensates have low volatility, they are unable to be
renoved fromthe polynerized pol ymer sol ution, and end
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probl ens occur |eading to deterioration of polyner
performance in the formof a decrease in the heat

resi stance of the product polymer or yellow ng. [0022]
As has been descri bed above, none of the nethods of

f#gﬁ@:géﬂo%trq%rﬁt tggrf IIoS‘p&J?gﬁ 8{9%]!%?3(3 %%{u}crfe @&%{é&'y-‘/ su%‘zfa%ces having a boiling
Bl B 0TS bR e BB S B4 tptton v
[ i i d- : - 46, P
SietitL Aoy (- S BrRBE Rl s TGRS AR ASHER pauces as
S AR PR TR BEGBAER o up comaminatin
35S BHE 9R) 58 o Bis R he e HBERS purncaton
[ d- open No. H3-258733 Non-Patent Docunent 1: Journal
g@h%bplied Pol ymer Science, Vol. 41, p.383 (1990)
Wat ent Docunment 2 : R H Boundry, R F. Boyer,

ene, its Polyners, 15Copol yners and Derivatives",
D Jdour

el R AR metned, ARS8 581 SR Bl g mpurtes
BB g oA BRI hite e maltrbbe 1o o
BB s A1 RS S8 el B A0 B pesuppin
R D AR TV TR T
Patent Documents 5 and 6). However, in the case of washing in an alkaline washing
tank according to the above method, since the solubility of polar substances in
alkaline solution is inadequate, the polar substances end up remaining in the
a-methylstyrene, thereby preventing the removal of trace amounts of polar
substances. In addition, although methods have also been considered involving
reacting polar substances in an alkaline washing tank to obtain lowly volatile
substances and increasing the difference in relative volatility between these
substances and a-methylistyrene followed by distillation, in this case, polar substances
cannot be removed unless the reaction is allowed to proceed to nearly 100%.
[0019]

On the other hand, an example of a typical method for purifying polymerization
monomers in the form of styrenes in the laboratory may include washing with an
alkaline substance such as an aqueous sodium thiosulfate solution or aqueous

sodium hydroxide solution and water followed by drying and distillation (see, for

example, Non-Patent Document 2). However, although the above method makes it
8
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25 trace anmounts in a-nethylstyrene in a nethod for

purifying a-nethyl styrene. Moreover, an object of the
present invention is to provide a nethod for producing
styrene-based copol yner that inproves heat resistance

AR G R B SR Bymer. ptr
TR oo S b g bl Verh Sl o e same
AR Y PIREEh PR AR oS58 B aperoed avove

jbﬁgql ity and nol ding processability, by using this
= ]hyl styrene. Means for Sol ving the Problens [0024]

e 4b508bbac iR St PaTHaRIeHRa LA a8 g ano
A e e g
B A5 AR s 2o 5Py o gymers, ogamers and
SR U e el A bR, ofF 05 B pER 56 8| Rcer to e
SRR Bl 23 BB Piter 5l G 8, Sorlmnated i
P4 B b S LBk B, B B am, potenta o
S0 BT PR R Ao oot amens o
gh@gﬁrrers within a fixed range by reacting polar
ances contained in a-nethylstyrene in the

D e oS St H AR o iy R BiBfle Al inchce
A B RGBS B8, SRR RISR exchange resinand
SRl B, 1902 5buet, e, Db 5ol RS Batericppgimert 9
AR A G T (R S—
F%%rlrg ,rtﬁ%gg&zeglggt_hlog, t e];ei irssat pgsss%?lﬁytl of grl'? gciglrcego%gonent present in
the packing material causing the formation of low molecular weight oligomers of
a-methylstyrene, or a basic component present in the packing material causing
deterioration of polar substances to high molecular weight condensates. The formed
oligomers or high molecular weight condensates contaminate the monomers in the
column, and if polymerization is carried out using these contaminated monomers,
there is a risk of polymerization being interrupted or the reaction being impaired in
other ways.  Moreover, since these oligomers and high molecular weight

condensates have low volatility, they are unable to be removed from the polymerized

polymer solution, and end up contaminating the final product polymer. As a result,
9
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[1] A nmethod for producing a-nethyl styrene, conprising
the steps of: reacting a polar substance which
contai ns a carbonyl -cont ai ni ng conpound, and which is
contained in a-nmethylstyrene in the presence of a
. _ . _ . ¢ .
HIRS BRI AR Solbrhes Bljhef e Bnd e fom of &
. LT - . L4 of the
SeERaRL T bR aBic O SIS 6 bR
ﬁ&ﬁgﬁnent produced by the reaction froma mxture of a
eacti on product of the polar substance containing the

carb Wﬁ?scl%grﬁbé‘écﬁﬁgﬁ g% Efgm??i the ﬁléa(ttliﬁdsséf%@ Bior &1 Qre able to

10separating a-ne mXxture Ol )
SRR Lo AR AR R
St opdh ot OcuReRE bR R IR PRI o MR TR G210 L0

cont Eﬁa@éwézbo%ﬁmﬂp? 'h ;J/?;g%e% 'ﬁa@&wt%{ﬁﬁ@é&gﬂﬂ’La?dl(?p%}?hg.*bdo%-oszma

contalned 1 n a-ne rene iIn resence

basi %&&Rﬁ&ﬂ%n\é‘??ﬁ%ﬂg%e@g%r i/x%'gﬁé/aatl@fm aL‘glibgoﬁ’éf?N& S55-94326

substance 1s ns
di e . . h
o ELH URUARARA 2 DapdHERe Platdht FUBICHIBh NN Se-Alsgl 1°

boi | i%rﬁ%&hm%ﬂf?"ﬁ&%ne@é%‘t‘eﬁﬁ%g%%i@ﬁ LafPGpdrPo bo-86559

a- net styrene om-a reaction e pol ar

su bStFaa[P&'ﬁ rl]j;/q%ﬂb-\%inpé F‘Qaé\ér@sg ?a?&ﬂ)&!g@ﬁ&ﬂibﬁiL%io{J%ﬁth’g%@-%ww

and a-ne Styrene; separating a-ne rene

f romydiep gkt pBSun%ntt {‘e JB&%%LBPRPWe%dﬁSI&mgf SelAcBOVE" 41, p.383
substance containi ng the carbonyl=contarni ng conmpound

grﬂgg@ met hyl styrene. [3] The nethod for producing

-net'h

yl styrene according to item[1l] or [2], wherein

ol kal R AeGPognE i2|:?%3ﬁ2%§%'ﬁ9ﬂ3‘?-§?.%°2§§?§5ﬂf% & Polymers,
CEeRhar P anl RS0 B, RGN B8 T1C Dorar subst ance”

t ai ni i o ' .
car b rPaehl BoETRER GO o8 ARBIER PR, SEPhGH, Vor 240, pa
g%l and catechol. [5] The nethod for producing

- hyl styrene according to item[4], wherein the

car bonyl group-contai ni ng conpound is a conpound
represented by the follow ng general fornula (1) or

E?;'ﬁ"snc(?(gseﬁlre ]:)P {hglih\?en% :

Problems to be Solved by the Invention
[0023]

An object of the present invention is to provide a method for producing
o-methylstyrene allowing the obtaining of highly pure a-methylstyrene containing
hardly any polar substances by efficiently removing polar substances contained in
trace amounts in a-methylstyrene in a method for purifying o-methylstyrene.

Moreover, an object of the present invention is to provide a method for producing
10
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[0027] 0 O (1 RIR2R3 5 [0028] [ 0029] (wherein
each of Rl, R3 and R4 independently represents a
hydrogen atom or an al kyl 10 group having 1 to 6
carbon atons, and R2 represents an al kyl group having

1to 6 b t .. [ 6] Th d ' .
sereRENBeEORb e ool fsnce
53y g o GBS e s,

- met hyl - 2- cycl opet , Db | dehyd nd .
m?ﬁ?@ﬁ?ﬁnmfy’ rm@t?og'g’lopﬁrc%%@@;‘\wﬂﬁi E@Zﬁ&fﬁ‘?ﬁg PRAEF egfes =

NV SO provi des;: . 0 or_pr.oduci
retaining e HHRSEIgr @qu nventional stypene-hgsed resins in the form of

pol ymeri zati on usin _-_r?e%/h | st g.:ne f or _ani.gni . .

Shab d %
RSP yTeBeY. . AR IO PEPiita Ak ANOIREL reesPatifly, By using this
al i phatic carbonyl conpound represented by the

a-gtﬁlzh)g%tvfﬁ@egeneral formula (1) and an 20 intranol ecul ar
ehydrati on condensate thereof is 100 ppm by wei ght or
| ed¥eangfar golvingith@reile®d ar omati ¢ car bonyl ~ conpound

reﬁresented by the followi ng general formula (2) is
[0B24sent at 30 ppm by weight or less: [0031]

As a result of conductive extensive studies to solve the above-mentioned
problems, the inventors of the present invention found that specific polar substances
contained in trace amounts in a-methylstyrene cause polymer coloring and impaired
control of polymerization, and that oligomers formed in conventional purification
methods also cause polymer coloring and decreases in physical properties. In order
to eliminate these problems, the inventors of the present invention found that a
method for purifying a-methylstyrene is able to efficiently remove polar substances
without forming oligomers by employing a method for removing these polar
substances so as to control the content of polar substances and oligomers within a
fixed range by reacting polar substances contained in a-methylstyrene in the
presence of a basic substance and then separating low boiling point by-products
formed by this reaction from reaction products of the polar substances, thereby
leading to completion of the present invention.

[0025]

Namely, the present invention is as described below, and provides a method for
purifying a-methylstyrene, a-methylistyrene for living anionic polymerization, and a
styrene-based copolymer.

[0026]
11




10

15

20

25

0 0 RIR2-"-R3 [0032] 5[ 0033] (wherein each of Ri1,
R3 and R4 independently represents a hydrogen atom or
an al kyl group having 1 to 6 carbon atonms, R2
In a firtRIspeetnite presantkivergionypovidgs:ng 1 to 6 carbon atons).
[8%!@ he nmet hod for produci ng styrene-based copol yner
[1] A methed dphirodycing emire XlSWQPeWT“g@%l"%H}ﬁgﬁPSS: al cohol ,
phenol and catechols contained in the a-neth Ist%rene
reactipg ghalasubstagee wWiich eandains pajaryeny-captauting gpmpound, and
~ produci ng styrene-based copol yner according to item i
which[i¥ cootairiegl in anmethyilstyrenedmthampresenee ata hgsisSybstaace wherein a
contained in the a-nmethyl styrene is |ess than 5 ppm by
basicifyeotiine. bas k] suistarice isrd Olos andrerin terosuefianacid gissaeiaiier eenstant
copol yner according to any one of itens [7] to [9],
pKa oftaczamjugatd acidiof itmgybasic snbstapeg;yneri zation is carried
out by using the a-nmethyl styrene and a vinyl aromatic
sepanking I pove Smilired pbint tdoenpgarienb wiroduagednby dhe freaotidm from a
(3): [0035] RS
mixture of a reaction product of the polar substance containing the

carbonyl-containing compound and a-methylstyrene; and

separating a-methylstyrene from the mixture of the reaction product of the polar
substance containing the carbonyl-containing compound and a-methylstyrene.
[2] A method for producing a-methylstyrene, comprising the steps of:

reacting a polar substance which contains a carbonyl-containing compound, and
which is contained in a-methylstyrene in the presence of a basic substance wherein a
basicity of the basic substance is 10 or more in terms of an acid dissociation constant
pKa of a conjugate acid of the basic substance;

separating a mixture of a low boiling point component produced by the reaction
and o-methylstyrene from a reaction product of the polar substance containing the
carbonyl-containing compound and a-methylstyrene; and

separating a-methylstyrene from the mixture of the reaction product of the polar
substance containing the carbonyl-containing compound and a-methylistyrene.
[3] The method for producing a-methylstyrene according to item [1] or [2], wherein the
basic substance is a basic compound containing an alkaline metal or alkaline earth
metal.
[4] The method for producing o-methylstyrene according to any one of items [1] to [3],
wherein the polar substance containing the carbonyl-containing compound contains a

carbony! group-containing compound and a mixture of phenol and catechol.
12
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H2C=C (3) R6 (wherein R5 represents a hydrogen atom

an al kyl group having 2 or nore carbon atons or a

phenyl group, and R6 represents a hydrogen atom a

hal ogen, a hydroxyl group, an al kyl group, an al koxy
[5)9T 158! PretRo& 360 ProHucHigO HiméthyBtyiéne Alckyndirgl @1em [4], wherein the

5Advant ageous Effects of the Invention [0036] The
caﬂfoﬂ?ﬁ?ﬁoub%ﬁihiﬁ@ dompifidUls @ TofhpBRind Oépletienedd BY the Jfollowing

a highly pure a-nethylstyrene for anionic
geR&aYfRimukAt) BP g¥hdPtekmiRqEl:r i ng a conpl ex process

capabl e of renbving by distillation trace anounts of
[Od%7har substances, generally 10 unable to be renoved

by distillation, by efficiently nodifying to high

nol cular(ﬁeight condensates by reacting a pol ar

n

sultdt ance a-net hyl styrene in the presence of a
bas]i c subsjft ance and separ ating.f.ro(rqgow boi I i ng poi nt
re i on <products. In addition, ‘use of an

AT methR&t yr purified by the the present invention

makes it possible to obtain a styrene-based copol yner
that inproves heat resistance and weat her resistance,
[oog8ich were the di sadvantages of SMAA and SMA, and al so
has superior nelt stability, noldability, strength,
rigidity gid recyclability while preventing pol ymer
' nd retai ning the superior properties of
Qryal v ene- based resi.ns { the form of
tran/naren Y, i mensi onal stability’and nol di ng
‘ gssability. Best Mdde for Carrying Qut the
| nvention [0037] The follow ng provides a detailed
[0028b! anati on of the present invention. 10Exanples of
pol ar subst gnces present in a-nethylstérene to be
(whesgpaashsf R hB” godiR’ indenessntly rRpreserde athydmasniatem or an alkyl
may i ncl ude carbonyl group-cqptainin% )
group having 1 to 6 carbon atoms, and R® represents an alkyl group having 1 to 6

carbon atoms).

[6] The method for producing a-methylstyrene according to item [5], wherein the
carbonyl group-containing compound contains at least one compound selected from
acetonylacetone, 3-methyl-2-cyclopetenone, benzaldehyde and acetophenone.

[0030]
In a second aspect , the present invention also provides:

[7] A method for producing styrene-based copolymer by living anionic polymerization
using a-methylstyrene for anionic polymerization, wherein a total content of an
aliphatic carbonyl compound represented by the following general formula (1) and an
intramolecular dehydration condensate thereof is 100 ppm by weight or less, and a
content of an aromatic carbonyl compound represented by the following general

formula (2) is present at 30 ppm by weight or less:
i3
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15

conmpounds, phenol and m xtures of catechols containing

pol yneri zation inhibitors in the form of

t-butyl catechol . Specific exanples of polar substances

in the form of carbonyl group-containing conpounds nay
[0o31]ncl ude aliphatic carbonyl conpounds in 15 the form of

conpound represented by the foll ow ng general fornula

(1) and appnmati ccarbonyl compounds in the form of
conpoundﬁpres ted by the foll ow ng general fornula

(2): [003g] 00 Il[j1 CRIRR3 (1) 20[-0089](1} R4 (2)
R RZ "R
[0032]
7
@—C—R4 vereen (2)
[0033]

(wherein each of R', R® and R* independently represents a hydrogen atom or an alkyl
group having 1 to 6 carbon atoms, R? represents an alkyl group having 1 to 6 carbon
atoms).

[8] The method for producing styrene-based copolymer according to item [7], wherein
a content of alcohol, phenol and catechols contained in the a-methylstyrene is 10 ppm
by weight or less.

[9] The method for producing styrene-based copolymer according to item [7] or [8],
wherein a content of a-methylstyrene dimer contained in the a-methylistyrene is less
than 5 ppm by weight.

[10] The method for producing styrene-based copolymer according to any one of
items [7] to [9), wherein the living anionic polymerization is carried out by using the
a-methylstyrene and a vinyl aromatic monomer represented by the following general
formula (3):

[0035]

14
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[0040] (wherein each of Rl, R3 and R4 independently

represents a hydrogen atom or an al kyl group having 1

to 6 carbon atons, and R2 represents an al kyl group

having 1 to 6 carbon at ons) . [0041] 5The term "al kyl

group having 1 tRP 6 carbon atons" used in the present

speci fication re ers to a linear or branched al kyl

group havigp 20 6 carbon atons, specific exanples of

whi ch may i a methyl group, an ethyl group, a

n- propyl group, _@n isopropyl group. a(g)butyl group,

an isobutyl gpoup,a sec-butyl group, a tert-butyl

group, a n-pefjtyl droup, a 1, 1-dinethyl propyl group, a

1, 2-dinmethylp ¢ 10 group, a 2, 2-dinmethyl propyl

group, a l-ethylprspgl group, a n-hexyl group, a

1- et hyl - 2- nethylprdgyl group, a 1,1, 2-trinmethyl propyl

group, a l-ethyl butyl group, a 1-nmethyl butyl group, a
(wher2imB? hgptasepts grhydmgea dtpfn, dinalkilygioupyhavinig @por more carbon

1, 2-di et hyl butyl group, a 2, 2-dinethyl butyl group, a
atomsl oBadirmaylfgfbbp,t yhd BF cepresents ,a3h3dirumm;tdmxtg/ halggeni,pa hgdroxyl

2-et hyl butyl group, a 2-nmethyl pentyl group, a 15
group3-aretalikyl pesvp,| araktxyagduphe tatexylPgeupr ablaehalvalkyl geoup).

may include a nethyl group, an ethyl group, a n-propyl

PdQHRtagabus EFEESRY thedinQeitior” n- butyl group, an

i sobutyl group, a sec-butyl group, a tert-butyl group,
[00362 n-pentyl group, a n-hexyl group and the Iike. [00421

Oln the present invention, nore specific exanples of

trhg B%s@ﬁf‘yrlwéi’ﬁlgH PisC 99&@! RHsNg RV 1SS obBining Ch UkiGhly pure

acet onyl acet one, 3-neth y -2-cycl opent enone,
cmelSFRPIE N e ARUEBRPRLFT S, b s o

capaﬂ?glé?nperm&ﬁlji\@rﬂfglsﬂﬁgtl HQE@ Surs A polar spbstances, generally

copolyners t ereo y ani

unablg(}%{;e%@%teﬁ,}e{ g@b& 8§’Slil)¥) F@bleéﬁ% C e p r S U@R an C e%{ar weight

han wat er s

condec[bsgf%éy 5%%"‘tti5‘ﬂea pg ﬁ§ angcgzJ Et ﬁp{fs‘gﬁlgﬁg in the presence of a
oo DRTEELSTHES, 0 25 PRI IR0 Vgepﬁas'r'ggﬁwﬁf' figosucs. n

reduced beyond a certain | evel t he ordi nar
additighspis¢ |0£tanoﬁ-mfw§§1re%@ur'ﬂ%mo g e pigEen) i §%me“ makes it
dinvention made it possible to renove trace anounts 5
possigle tnheBRiInp@ shrenmbasattes, which are unable to be
renmoved by the ordinary distillation, by distillation
by reacting in the presence of specific basic
substances, and efficiently converting the polar
substances that reacted in the presence of the basic
substance to high boiling point conpounds to increase
the difference in relative volatility with that of
a- met hyl styrene. Mreover, the inventors of the
present invention also found a

15
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10 nethod for obtaining highly pure a-nethylstyrene by
separating reaction products of the pol ar substance
froma-nethyl styrene and | ow boiling point conponents
cont ai ni ng side reaction products, followed by further
separating a-nethylstyrene fromthe | ow boiling point

gébggg'\;\ﬁ%'?ttﬁat IET&QOAVAQS r;%t.r}eéigf%]p% %ﬁgr\keétﬁéfremsis%hce,t DAfch were the -

possi ble re ions tor obtalning high boiling

fcﬁéé&vaﬁ@@@& up @?‘\nﬁg&’ gﬁ@ %MA,%J B0 MR YupSHEISHER %%‘?oilit% moldability,

e presénce o asi c substance. The first nmetho

| SR gglg;}yr gﬁ@?éé%laﬁgay \Qﬁlleaﬁrﬁbé}gina goigherkRidring nddietfining the

compoun reacti'ng enol or catechols having an

agtipleM6r ﬁ%ﬂﬁérﬂ&? Bf ¥ArivBntief styferdfeBdBed rédihé in thBifben bh@ansparency,

ot her nethod 1 nvolves a reaction for increasing
NRRAsIOAS e andMoling praséssabiy. al dehyde or ketone
havi ng one or nore hydrogen atons at the a position to
undergo an intranol ecul ar or internolecul ar
condensation reaction in the presence of a basic

Bt Muedor CarnfilgOUBE® Iaterttiba | atter reaction in
particul ar, since water or alcohol is produced by
qoosignsation as wi |l be described to follow, and when
considering that the reaction is an equilibrium

 r eactTherfollawing prowides enddtailedi dxplanatidn dfdha lpraseniBvertion.

reaction to proceed and increase nol ecul ar wei ght

Si nceExanplesfqrisabstancef prebentireaahethyistyrenedetbegreioyed by the
| ow. [0045] In addition, although there are

cmnificativts t hat afrtte rpyesemt inventiomoiaydotiade cagenylogroup-containing
dependi ng on the particular conmpound, in this case,
stamEountle, Enbl and mbituresiof catechalsnebptainingspolymerizagion dphibitors in
the original polar substance, the conpounds cannot be

sthe dpam aff el Wyicateshol Speditim examples rof xelasr substancae in the form of
present invention found that boiling point can be )
i ¢Rtperys gibupycontainiag CoOMPounds may mczlzqueoal&ballﬁﬁarbonyl compounds in
condensation conpounds to internolecul ar conpounds by )
tthedermgf compnundepreserted bydhe falpwing arner! feraatia (B @rdraromatic
al dehydes and ket ones having a hydrogen atomat the a
peagbenyb gormpownds intiee faren efcemneynds earsesented by the following general
3- et hyl - 2- cycl opent enone and acet ophenone. In the
fforseladlage, a basic substance renmoves the hydrogen

atomat the a position resulting in the formation of

df0%%ol ate and pol ar substance. Since this reaction is

an equilibriun1reactioncpnd t equilibriumis

generally biased towardijjthe repctants side, it is

difficult to forman enélate. ubsequently, in the

second stage, the formped~eanodre. _15 undergoes an

i nt er mol ecul ar addi tRon redttion Ri th..t.fw pol ar

substance. As a result, since two or nore polar

d0B39Jances i ncrease in nolecul ar weight and the

difference in relative volatility with a-nethyl styrene

i ncreases, they can bg-sepyrated by distillation. A

pol ar substance to whi ch an\engl ai-e has been added nay

or may not have a hy®ogensatom at 'the a position, and

even benzal dehyde, wh does not haye.(3) 20 hydrogen

atomat the a position, can be increased in nol ecul ar
weoqd)t . [0047] In particular, it is inportant in the

present invention that the enolate formation of the

first stage is carried out efficiently in order to

carry out a condensation reactfon at a trace

concentration that generally proceeds with difficulty.
Consequently, |ow boiling
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25 point by-products such as water and al cohol
produced by the condensation reaction are discharged
fromthe reaction systemduring the condensati on
reaction in the presence of a basic substance. As a
resul t of  di ;char gi.ng | ow boiling point gg products
(wherein each pERr Rcand R spcger@ndemw represents ardiegen atem; eran alkyl
reaction is shifted toward the enolate formation side,
group haeingbl tal6l catbog atbmsc andelRS aepresentsaan iatkyl gooyp bawiag 1 to 6
efficiently and making it possible to recover highly
carbonpatbmmsy- met hyl styrene. 5 Low boiling point by-products
at this tinme indicate those having a boiling point
[0041]! ower than that of a-nethylstyrene. Discharge of |ow
boi I i ng poi nt by-products fromthe reaction system may
I N | usl r entd al Ht B
e G %&y@&oﬁﬂl@%ﬂ@? ‘_fiot}éhg caftie BhdAs! Yistd BF/H ihé NSresent

reac_ Ion s m _ e separation | S onI _
spoo4| et & Bk e PARRCHRIEA R RS, 8 0 toms
et SR h R ) RS S bt AR e, o ron

tenmperature equal to or higher than the boiling point
group, @n {S9ProRyl g5euUP. ad-puivhoralp, pin inpbulyligioupea igtnklitybgroup, a
distillation. Exanples of nethods for discharging | ow
tert-butybigroug, @ ai-pentyl gpoupd i tis1-tinoethypropyd greup: ach2<imethylpropyl
may include a nethod in which | ow boiling point
group, bg- Rr2dinséthyiprepyd egrougt, ed firsthylbhapyl egroupona spdieayl group, a
and the renmai ning a-nethyl styrene and pol ar substance
1-ethyltgzméth?|ﬁrdﬁﬂwf§¥6&p,l 8 BeatrivatHyBYopyl rbhpdastiethyitsutyl group, a
distillation; a nethod in which a mXxture of
h rene I 1|drBQn POL Nt 1 [
1metr§i1tisﬂg 'a¥ s £ Qqﬁeﬁwgmuﬂﬂ r%jer,lo h V}},?ﬁlﬁl@%@l a%erpup, a

fromthe react’ o system le at the's

1] a i.ng, t - { r !
1,20 FR BRSSP SHTERYMSL B o T deiAol8r group, 2
et hod i.n which a m xture of a-nethylstyrepe and | ow
2,3 By p RS oy Bor NS BicR avaa ZTEIRE Sroup, 2
reaction systemfaqllowed b eparatjng the
3-methylngnityarev ABAdha fike) oRrasefabie:Ex@BPIes 9y oz 2 snefpy! group,
distillation or adsorption using a colum and the i
an ethy| geoun, ra hheropyk geaup, i arv iseprepy! graypofR Bhedd greupoas isobutyl
may be used. What is inportant herein is that |ow
group, leosed-hgtybgraup, 23ethbulylgiaup sa hepearityligroupt & y-hexybgealp and the
fromthe reaction system and that the condensation
like. reaction be allowed to proceed efficiently as a result
thereof. [0049] There are no particul ar
[0042])l i m tations on the basic substance used in the present
invention provided it has basicity to a degree that

'ﬁﬂqﬁhis%%fsﬁf’s&@Eﬁﬁﬁ%’isﬁ*ié°%ﬁ’j°nh?%%@'§? o :y?a"”“y'
e porar _ i _
aroup-befighif ;e lfippaBes? 2 PRYC bt ARAIE 0t “aGiiBfigboetone,

used i ncl ude 't hos ontai ning al kaline. netals Qr
3-metri 2P TF AT eRP 8 e RV B R ORIORR R P REMT BRE-< aifce these
as sodi um et hoxi de, . pat assi um et hoxi dmonj ugat e .
polar sybstances inhbit polyraerizatipn e cause prlymarceiering during pregdustion of
aci d: nethanol, pKa: 16), netal hydroxi des (conjugate
poly-o.anethylsiyreae  anikeopdgnesuthterest ydniomicpoymeridation@and the like,
pot assi um hydr oxi de or magnesi um hydr oxi de, net al
they apxipieferaisipmengavied asimuchvabepossitfe. Shjces polar asibstatices other
oxi de, potassium oxi de or magnesi um oxi de, netal
than adfefesuchual RBUSREteERATadstonyRitetaR, €3 aéthyl-2.8yBIbantenone,
pKa: 35) or lithiumdii sopigpyl am de (conjugate acl d:
di i sopropyl am ne, pKa: 36);“and al kyl nmetals such as
butyl lithium (conjugate acid: butane, pKa: 45) or
nmet hyl |ithium (conjugate acid: 15 nethane, pKa: 40).
[ 0050]




10

15

20

25

These basi c substances preferably have high solubility

and dispersibility in a-nethylstyrene. Al though basic

subst ances having high solubility and dispersibility

in a-nmethyl styrene can be used as is, there are cases

in which they are preferably 20 wused in the formof a
benzatdehyiderarid/acetoplerormihavebbeiling points close to ithat af asmethylstyrene,

there are no particular limtations on the sol vent
theyichahotbapedieed eyonasa cetaindével by the ordidady distiltetont he

ability to dissolve the basic substance, and water,
[0048] cohol or a mi xed solution thereof, for exanple, can

be used. [0051] 25In this case, aIthough wat er and

arfghRlentd8 Oc?‘tﬁe %F&eﬁ?@@%ﬂﬁ@ﬁ hiXte |ﬁﬁ8§éo|8@ to r@Ho%"tl%e amounts

di spersion asi c stance, oes not cause

of thBEE BoBi sBbRunES wiibh aue WialR Ehe i N T By istiaton
by distlatisroBy joaetda e Fresancuetapesii kARt SPS%&%?‘Q%&M efficiently

a- net hyl styrene. [0052] 5The concentration of th
convsgiing-theupplarsibstances tbatieastsd mrtbﬁqpoew‘qecpfibe/doeﬁlc substance to
wei ght and nore preferably from0.02 to 5% by wei
high ibeding point:corepoynds iprisereaseitbe dﬁ@lﬁemmelatyemlatﬁiy with that of
concentration of the basic substance, there are no
a-metaykstyehar Morebwdr] the inveritors roféahei presentrinyentiondaldo found a
it is of a sufficient duration to allow the

metHod R BbRaih vy ﬁl?ﬁﬁlt p&e &@néth?&% ne dycdparating FeictibaPréducts of

to allow a certain anbunt o time for conversion to

the gﬂo@g lebbt er%HL &ﬁ‘ﬁ@tﬁ EHéaénSOWnﬁéﬂlh Npoint components
roducts. thou react tlmsls represented as th
contfy %@%?%éét@@réﬁsﬁ'ﬁgfs» A M

th Idi ﬁi.lllati.oF rate ntat he case of a batch reaction
© IQYLIRI PANt FAMPRRRSt a basic substance at the
ncentrations indicated above, a preferable reaction
[0045 me is at least 15 mnutes, 15 nore preferably from
15 mnutes to 4 hours and even nore preferably from
nimthepreserd invention, [thersare two pessibler ma@ﬂon%efet pétammg high
system may be used in the present invention provided
boiling palrit eempdundaiby teagting tie polarisubstangestin the beesencecsha basic
to be substantially maintai ned. The 20 operati ng
substémss ur'khe first aethiddli invelvebya seactidne fbrf olstainimg i highhisoiling point
range of atnospheric pressure to 5 kg/cnR. In

com@d@hd by reathifg phehel of eatdthoRARAVIAY e abti @h%ﬁ)g@h&ﬂlth base to
I f the procedure is carried out under a reduced

formpé §§I§ Wikt theIIREOReHYY i PQHHSE Al feLgti fd?'lﬁ%rbtaﬁlgb‘?ﬁ&bbeﬁr weight

ystémcan be arbitrarily set accor |ng

u
by c%!%?@ cuf @)Hé%cfﬁ B Reb e i tihe &y oty Bidin at the
her i der.a on of inhibit
posifish fnuiprerad 81 TurerofatiayI & fesRelchiAr e afon,seagtion in the
consi der at i.on of ener gP/ conservation of the heat
presgpge ©f a basipsybstance. “In the case of the latter reactlon in particular, since
water or alcohol is produced by condensation as will be described to follow, and when
considering that the reaction is an equilibrium reaction, it is extremely difficult to allow

the reaction to proceed and increase molecular weight since the concentration of the

reactants is extremely low.
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There are no particular limtations on the formin

whi ch a-net hyl styrene and the basic substance are

suppl i ed provided | ow boiling point by-products such

as water and al cohol produced by condensation can be

sequentially renoved, and they nmay be 5 supplied by a
[0045]bat ch operation or continuous operation. [0055]

The a-net hyl styrene obtai ned according to the

Ipuaddifiomt alimougtt tioereofire eompaswist thatvendérgo aanintarmolecular

renoved of inpurities in the formof polar substances

reactiohlddpending 6N the phrtieutar|conipsiing, in thistase, siee thesboiling point is
3- et hyl -2- cycl opent enone or 10 benzal dehyde and

extrem‘éybfd%b' g:gtﬂa‘? o thBi &i nél' iSSI@r rﬁBg%nc@O'ﬂ‘ié %Hﬁ?ﬂmﬂ@%not be

| ar substances to hin a fixed range is extrenely
separa?éé %& ng)éfﬁlétf&'h Cﬁr*eﬂtrer ﬁg{erfg\?\ﬁs %gltﬁff‘g%éﬁ’ﬁt' ﬁoﬁoug found that boiling

point cg& i the P ntcggﬁvgﬁgggh? Bﬂg%h]@(ég“ P%PESéﬁsea{ti’ont&%pounds

o ntrarml ecul ar condensati on product in the form of
to intergoolgewiar cczmen@%@mﬂ%ne yndep, ﬁ@?@ﬁasppdﬁ'@es ppm by
wei ght or less and nore preferably 50 ppm by wei ght or
[0046]| ess, and the anpbunt of benzal dehyde is preferably 30
ppm by weight or less and nore preferably 20 ppm by
Bxaingpies of aldetydes fandhketones ihaaingua thydfogereatony bhithe arposition
and its intranol ecul ar condensation product in the

may inthide adet@tyldcatondyd-mkthy2-eyclopestenond andiGietgphemone.  In the
wei ght or the anpbunt of benzal dehyde exceeds 30 ppm by

first sta¥fd, A Basi¢/ §bﬂ>§§h&9 réiﬁo%?th"e%rbgé}ga% ¥iBie ®POSHIBA resulting in

prom nent, and [i1ving pol yneri zat| on may be inhibited
the forﬂ'%?%ﬂ%ft'élﬂ oér?]'lblétggangi?ﬁrﬁaern éelﬁ%'i’g 0. ;‘Sdé?é trrgé‘r;"l'é(;%tl%% bAYuftibrium
reactloi\t é}?(gﬁ%n%%@r% Lgﬁg%ﬁgﬁél%ll(yi% ér?e(gal%v\fa‘f& 'tl’f(%1 géété:rtaentsé sjde, it is difficult
o forgiriebBlie” MSseBanTl o JRAL S5 WG B0 e’ Bnotte

unit, obtained by purificati on accor di tE the
undergngs; an uﬁerrmieﬁ@ﬁhaedlﬁeaéea@r@ wish the PBE%%' §tance As a result,

invention, and a vinyl aromatic unit. A copoly
since tweneranarengolar subgtane@s;measamumolggulaémgiacanddherdlﬁﬁence in
present invention is a copol yner obtained by
relative eblatitiyi wiith oanethyistgreaeuncrehses,thay can berseparated by distillation.
represented Sby the followi ng fornula (3) as a raw
A polareduistaice [DWHith an enolate has been added may or may not have a
hydrogen atom at the a position, and even benzaldehyde, which does not have a
hydrogen atom at the a position, can be increased in molecular weight.
[0047]
In particular, it is important in the present invention that the enolate formation of
the first stage is carried out efficiently in order to carry out a condensation reaction at a
trace concentration that generally proceeds with difficulty. Consequently, low boiling

point by-products such as water and alcohol produced by the condensation reaction

are discharged from the reaction system during the condensation reaction in the
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R6(3) [0059] (wherein R5 represents a hydrogen atom
an al kyl group having 2 or nore carbon 10 atons or a
phenyl group, and R6 represents a hydrogen atom a
hal ogen, a hydroxyl group, an al kyl group having 1 to
6 carbon atons, an al koxy group having 1 to 6 carb
presene@nef, aa basichsuhstageeup /{ﬁ ) rﬁaulbawfkﬁiscgawag higw rb@llmg point
to 6 carbon atons). [0060] The term "al koxy group
by-prddudis froin tiwe @eactidnosystemythe fisstdstaget ¢quilibrisse reaation is shifted
specification refers to an oxy group to which is
towar§ theeendlafy fornwatiny sidef ithe@byaallowingrthepcdrdensationt reattion to
carbon atons", specific exanples of which nmay include

proce@d EGeNy %rn‘éluﬁvak fit ﬁ&é‘iblg rgUkdcover hiJhP Ptive H-Méthylstyrene.

an |sopropoxy groupg, a n-butoxy group, an i sobutoxy

Low %rllﬂ’lg;g?mﬁt Bg‘brgb'ﬁt%%t QFNQU(P'ne ?nc]t? At thU&Q’%vﬁfgoé' Boilfhg point lower

oup, an i sopéentyloxy group,

than &@g qu v nf’%—:@ )%WE&{H%U P, ﬂa'ﬁc%"ﬂed&nm )p%fﬁg P%%sp By (mgdu%‘ts from the
reactlép éyg{enngt oxég % ucgjng[]Houéy dolrnseetq%nP al?)P thKm the reaction

1-et hyl - 2- nethylpropoxy group, a
system; 2, 2-tri net hyl propoxy group, a 1, 1-di net hyl but oxy
group, a 1, 2-dinethyl butoxy group, a
[0048p, 2- di net hyl but oxy group, a 2, 3-di net hyl but m group, a
1, 3-di et hyl but oxy group, a 2-ethyl butoxy group, a
Ihaf&éemdr@l&m ¥8 only gquied t Benmbiabwhicmtsgbarates owpbailing point
the like. Preferable exanples may include a nethoxy

by-préP fromh tBE HBXEtIEH @YSten?t Snd-tRsieAIRX EolsiSePof @aporizing the low
|sopropoxy group and the |ike, and even nore

boﬂm%?ﬁ b‘@?%rg:gﬁé@'%} @%ﬁ'ﬁﬁ’ tHe"@ﬁgﬂt@g %@@g%zﬁ tglﬁnggri?;at@g?ﬂgal to or

highef é@%n ?I?é §t°ﬁ®r,9b§3'p§ r{ﬁ% Ig\f‘/ﬁ?%lh I&Ehtrb’r? aﬁﬁﬁ)‘u&t |u't(the manner of
om0 S S5y e o

an i sopropyl grou a n- but oup, an j.sobut

the re@,cgglb segte%ma%umgﬁldgrq) mgthgg f'?a%‘lh ogﬁlpwab iuag, Igonré by-products are
n-pentyl group, a 1, 1-dinethyl propyl group,

separatez! fromethe reactionl systemp and thepremaising, upm@timlst\gﬁe@epand polar
a 1l-ethyl propyl group, a n-hexyl group, a

substanes hadctidn peodydtis spparated by a methadl suahr asidistilfatiory @ymethod in
group, a l-ethylbutyl group, a 15 1-nethyl butyl group,

whichda %mrBYdfbkﬁrﬂéth?kwéne and, lbwdbomihg Yomtt y-payducets isadischarged
1, 2-di met hyl butyl group, a 2, 2-di nethyl butyl group, a

from t%e%ﬁbﬂ@ﬁ EX&tQH\t Whild %Ptﬂb sa'\*na tﬁ’n@' s8BAMAYhE Yhe lo-BletiiBstyfene from
2- et hyl but group, a 2-nmethyl pentyl group, a

the low BBHlH% ﬂbz %p%cﬁ}q?s Bp%léﬁl%tlbhkﬁnd El Frf RN i WiIHR! Bikture of

oup, a n-propyl group, an

o- me@%? F‘él atgcba?\&u allugg ?pﬁ)ﬁ%(t Bgtpyﬁgj&%cftgdﬁ seg)gﬁé%gnﬁéfﬁufﬁe feaction

th
systel% f%ldgwegci)y sgparlatmg the a-methylstyrene and low boiling point by-products

by distillation or adsorption using a column and the like. In the present invention, any
of these methods may be used. What is important herein is that low boiling point
by-products be efficiently removed from the reaction system, and that the

condensation reaction be allowed to proceed efficiently as a result thereof.
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[ 0062] The term "hal ogen atonf used in the

present specification refers to a fluorine atom a

chlorine atom a brom ne atomor an iodine atom

[ 0063] 25The term "hal oal kyl group having 1 to 6

carbon atonms" used in the present specifi catl on refers
[0049]t 0 a group in which a previously defined "hal ogen

atont is bonded to a previously defined "al kyl group

Theve rage hot parficalar limitatibnswh. tHeOb#si¢ substanceAiseadnipl the present

aromati ¢ nononer as used in the present description

inventibRTb6idea. it has basiiNy!te. a gefe tHat hablde/ It-t6 HBRAidvieUs ¢¥drogen
styrene such as p-nethyl styrene,

atom a%?ﬁ 4 gg)‘éhﬂﬁyéﬁﬁé R@éf?%\é{cﬂﬁgéen sarfindicaR ot bakidity hepKa of

yl styrene thy styrene,

the co%pg?%ﬁagqxélsew i€ Prefe ity Sp'o?rtr%f)?é‘e E)E'Qrﬁﬁlawo?tﬁq??d@uﬁtances

yrene, yrene derT'vati ve suc

-hydro sty - met hox ne Ioro rene

natcof G R the e ?éﬁ@%ﬁ?l@eﬁﬁ;ﬁ"s 8 Bikaling BarR metats

noner i s styrene. pe each of th

includipg rfe?lﬁi/ IaHYO}Id@%S% agi %ﬂﬂ'UfmcﬁtBPlS'ﬁ'ﬁt P@t’%émh%% eonjugate
used, or a mxture of two or nore types nmay be used.

acid: athamoieptiaeéémon sndiumi ethaxide teenjugater agidbmethanol, pKa: 16),
conbi nation is the conbinati on of styrene and

metal dhydeidigess t(gorjngatebtazichedaksr, ifa:f 1B6hgsunhic asdsadiuto hydsoxide,
present invention. [0065] The content of the

potassiuniiiydydide lop TRagiiadiurmrhydiexigey hiatal dxdes! (conjagateedcid swater,
from1l5 5 to 70% by wei ght, preferably from7 to 68%

pKa: 19)’3!&@(‘1 aBlsodiiLin BXide, potasyi@h! okidd 8 HeRiltR ¥xite, metal amides
wei ght. If the content of the a-nethylstyrene unit is

such 'a%""eéodlnﬁn ér(% e!@drﬂ@%atepréﬁﬁj Cﬁ}nn%]t}rflﬁ‘:t Gor 35) ,or lithium

nprovi ng he ce are virt obse ved.

d"sopré’ﬁwéﬁﬁa?i?ef&aﬁ%ﬁm#' SRR k. ont o e s
s G A e iy SRR e o

t he amount of gas generated during nolding. In
methapgika:A0). t he anobunt of nononmer conponents in the
resin increase acconpanyi ng deconposition, thereby
[0050]resulting in increased in the occurrence of bl eedout
on the surface of nolded articles. [0066] 25O her
Tihelsgnbasic adibstanmesnpreferably haveshighi solabifity iand dispersibility in
nononer s
a-methylstyrene. Although basic substances having high solubility and dispersibility

in a-methylstyrene can be used as is, there are cases in which they are preferably
used in the form of a solution by using a suitable solvent. In this case, there are no
particular limitations on the solvent that composes the basic substance provided it has
the ability to dissolve the basic substance, and water, alcohol or a mixed solution
thereof, for example, can be used.
[0051]

In this case, although water and alcohol inhibit the condensation reaction,

following dispersion of a basic substance, this does not cause a problem provided that
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descri bed above within a range that does not inpair
the object of the present invention. Exanples of other
pol ynmeri zabl e nononers may i ncl ude conjugated di ene
nononers such as butadi ene or isoprene; nethacrylic
acid al kyl esters such as nethyl nethacryl ate, ethyl
the water aad rajcahal argrabis ito fast dischangedeowsidethgl reaction system along
net hacrylate; and 5 acrylic acid esters such as
with lomelvdilimg point Ibytprodactsy | Thusy aizobplspprefgrablychiadens doiling point at
butyl acrylate. These nononmers are useful in the case
least I®¥er thRh QLhiedhylstypsheist i ng i npact strength, el ongation
or chem cal resistance and the |ike of the resin.
[0052][0067] The styrene-based copolynmer in the present
invention is synthesized by [iving 10 anionic

THE ¥OEEdrfitioRof t‘hek%%@ ns[é@rﬁfls%eg%hp e eggﬁ%ﬂéf@%‘!] Xo 10% by

out !VI n_g a_nl onic po _ anpl ¢
weioh ke e Bb PRI S 5 i Bt &Ryt

[ithium sec-butyl lithium t-pbuytyl |jithium ethy|
A'thoushtqiﬁaﬁﬂd'mﬂarpzwh¥ | 99nceRiratonofi he M%&ﬁah&ang?y?fwe are no
 lithium butadienyl Iithiumand the |ike. Preferable
particulgr disptationsgp theceaatiomtimet providedht isrefanguffisient dugation to allow
[ithium 15[0068] A hydr ocar bon- based conpound
the comdgnsation aeaction to proteed, anditis preferable tobalkow arcertain amount of
pol ymeri zati on sol vent, specific exanples of which nay
time fomdondersidn [tbahigh bwilingC polm nintarmuiecular Sondensation products.
n- hexane, cycl ohexane or heptane, and aromatic

Althou§iY tea6tRsTP imeC RTRPEsEnted ds fie RaneRentict HRTEIn the case of a
et hyl benzene or xylene. One 20 type or two or nore

contindd(%er_%aefioﬁ 'é?§t%nlﬂ¥>ij %Qctﬁé% OF T KM qung%nﬁscﬁgﬁllaﬁon rate in
P arly pre cl ohéxane.

o]
articu erabl e conpound 1's Ccy

the a8 00 R, PRI AR, sk o HE SBe Bk & BrSEonvbeipnoe gt the
concoHTE R s NS S ok, B GBS s

a- et hyl styrene can be inproved dramatically b¥
more RigiRrably HgNbdv, Biwtes ton4t Reursi and evan sire” preferably from 30
_ pol ynmeri zati on system of the nononer containing
minuteg tast hguUrst yr ene. [ 0070] In general, in styrene
and conjugated diene |iving anionic polynerization
[0053]syst ens, an et her conpound such as tetrahydrofuran is
known to be added for the 5 purpose of inproving the
Anyl fipnmr bfz@acton 'sybentitiay benidddn i thengieskeAt nvention prodded it
copol yreri zati on. However, since tetrahydrofuran, for

allows fhegilli§uideliibfiuns Mthin el dystdrhhib P@W@ﬂ?, aintained.  The

frequently used as initiators of l|iving anioni

operaP ESCSPLP BeSHREI SERERA B MIE WP AR b bk lpneri
pressu}'eﬂ kc% %}ﬁ{q(z{:me.f f inCiag&ﬁXn,at?le?e ate lrf.\llsfo r% paa?ttléu?aq' gl%bflenms even if the
procedure is carried out under a reduced pressure. Although the temperature within
the reaction system can be arbitrarily set according to the pressure, it is preferably
from 40 to 200°C and more preferably from 60 to 150°C. The ceiling temperature is

60°C or higher in consideration of inhibiting polymerization of a-methylstyrene and

150°C or lower in consideration of energy conservation of the heat source.
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10[ 0071] On the ot her hand, the benzofuran used
in the present invention contributes to increasing the
pol ynmeri zation rate and nonomer reactivity wthout
causi ng the above problens, and effectively acts to
roduce a heat-resistance styrene-based copol yner of a
[0054Ei gh nol ecul ar wei ght polyner. In the present
i nvention, benzofuran is added to 15 a-nethyl styrene
Themnar@nnw particuldriionta@ions andibe fopmin phidreaabéthyfstyrené@nd the
to 4800 ppm and nore preferably from 20 to 4500 ppm
basic Isubttahcadatedspphiedt providedwWew bboiling pawtnby-pheduetd eath as water
the growi ng pol ymer species decreases. Nanely, the

and aRbhBFHd0Bed B}(b@iﬁﬂéﬁ@étid?fbérﬁﬁ@ s@qdemidily Feovadl] S they may be
conversion rate decrease thereby preventing the object

i j Lag- attai ned. Even if
SuppIl by A LBl Gt B Lo AR Bl Ot 2000, ppm o
[0055fi gni fi cant changes are observed in polynerization
ate or conversion rate. In addition, since benzofuran
Is yellow n color, characterjstic yellow_ng_ of th
JEEﬁz%TfU?%Nl%éf@Bﬁeeb iACGBIRAING) 1P ﬁ?f quﬂegt'%tmeﬁlod of the
fol l owing renoval of unreacted nononer and sol vent
presephinveptjongrn ke emeveashakispuities indbe fermn of ealarisubstances such
application. 25 [0072] Benzofuran is not required to
as phenadidetrbatyicateghal, i rostordacetone hy Bsmethyhd-gyclapentenone  or
pol yneri zation, and may be m xed with other nononers
benzaidehyiel \aadt sonfrolieB]to within Endixpd! yargye. zaCoatrolling these polar
tenperature is preferably within the range of from 40

substarfceb O WitHTR Efixdideiapgenls exitbhieinefedthader 86nirolfiy Papﬁﬁérization
100C and even nore preferably 5 within a range 0o rom

and pRvenfind 2eivmér Jeie ynmerization tenperature is |ower
lDt han 4@% ytr{']]e ieacti n rate decreases thereby making
[0056;he process inpractical for industrial production. In

ddition, if the polynerization tenperature is higher

n 110C  vel l.ow ng of the, K copqgl yner bec
AR i ot e it S oo st iescBe Hft s ihpelptal amount
i st d th | stabilit f th I
of acrg&?\ly %%eq %2'51_ itﬁ{r{{%mq’?’le&l‘ar% on§g§'}<§@copgg§tgg§ the form of
copol ymer according to the present invention can be
3-methylodigyelapentenppe isx aigfeeably oM mrsnsby i weight or less and more
pol ymeri zation using a conplex m xing type of
preferablyyatbppmeiy weight ac tess, ard the ampuntofbernzaidetyldetis preferably 30
m xi ng type of polynerization reactor and non-conpl ete
ppm by weighttorlessfandomone rpreferatsiy 208 pphroby Mesightoobtess.  If the total
conmbined. In order to obtain a random copol ynmer in

amouREsf acetbiflacétofie BrldatsintrardiebulameorifenBaliomBrddiRt irPthe form of
reactor i's preferable. Conplete m xing type

3—metﬁg\g%’-%h{e§%ie°é&ée%fd§rﬁ)sd ?ggmeﬂgg\ﬁ%gprgﬁr R YRIUrt ¥ ¥ihzaldehyde

uses a contli nuou ete m xi ng reactor

n - e .
excecd 30 Bbut RE AHRE JsBMrBl i e, BtCPlndy bR HleE Mool prominent,
divin olLynerization reaction systemremin constant
and livipd PONMEAAEB ey BgaphiPRed HEPeadBOGH HEdEeng t o
enhance productivity by increasing the nononer
[0057toncentration in the raw material solution, it is
desirable to attach a condenser to the pol ynerization
Thacfalowingl provides hedeseriptionl wireai stytérerbasaed edpelymer of a
| at ent heat of
component that composes the heat-resistant styrene-based copolymer according to

the present invention. A heat-resistant styrene-based copolymer in the present
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renoval of heat fromthe polynerization reaction. |f
mai nl'y cycl ohexane (which may al so contain n-hexane)
is wused for the polynerization solvent in particular,
it becones easy to control the polynerization
invendapeaantaine anno.hethyistyrane wnit obtaimed by tpurdioatien aceording to the
the boiling point of cyclohexane is 82C. [0076] 5In
purifitaticrasethdd ascording toothecpnesent mventiomgoand, pevimyl aromatic unit. A
tubul ar pol yneri zation reactor, when it is difficult

copblyneiticdntainingEINgl atomatickenit as aéferidd: tai in thépresent invention is a
pol ymeri zation reactor such as in the case the ratio

copélkh@r dbtaihba Byﬁ‘qglgfhérizhtlbﬁ sty BNARYI é’rbﬁ‘fﬂﬁc%ob@)ne?frepresented

e reactor is nore or in the case of poor
rape- based copol yner
byt@\%lcfzéc}rdgﬂ'g%ﬁ%"ﬁ% %segtégﬁrlﬁ%%en |on can be produced by
[00$§T“ ng a solution of 10 vinyl aromatic nononmer from a
ddl e location in the reactor. [0077] In
addi tion, the copolyner of the present invention can
al so be obt ai ned by connecf°ng two or nore
non- conpl ete m xi ng type oﬂ pol ymeri zation reactors in
series and adding a #JCH@ of vinyl aromatic nononer
to the second pol ynerizatign reactor 15 foll owed
pol yneri zation in the firstpol ynerization reactor
Mor eover, a bl ock copol a honopol yner and
copol ymer of the vinyl § unit can be obtained
by only polynerizing th aromati ¢ nononer unit
in the first polynmerizatio s gtorignd then carrying
out copol ynerization of a-nethylstyrene and the vinyl
aromati c nononer unit in the second polynerization
[0059}act or. 20[0078] The val ue of the yellow index of the
styrene-based copol ymer according to the present

(whéreire R repreésents af BydrBhEn Jatem, |a?ﬁélkyﬁ§fcﬁjﬂ3hﬁfnﬂga@|df rAore carbon
or |l ess and even nore preferably 15 or less. As was

atorR§ BY la0henyl gﬁﬁg égﬁngs rd rb§eﬁt§faeﬁ§ld|’6§ ﬁ’]téﬁldﬁcﬁalé , a hydroxyl

content of sta ces Int y styren

orofir L Rlotmbeitiool 6 sPhdF il %Wéﬁ%gt faving 1 to 6
et A A 8ol o L 1S5
[0060]

The term "alkoxy group having 1 to 6 carbon atoms" used in the present
specification refers to an oxy group to which is bonded a previously defined "alkyl
group having 1 to 6 carbon atoms", specific examples of which may include a methoxy
group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy group,
an isobutoxy group, a sec-butoxy group, a tert-butoxy group, a n-pentyloxy group, an
isopentyloxy group, a sec-pentyloxy group, a n-hexyloxy group, an isohexyloxy group,
a 1,1-dimethylpropoxy group, a 1,2-dimethylpropoxy group, a 2,2-dimethylpropoxy
group, a 2-methylbutoxy group, a 1-ethyl-2-methylpropoxy group, a
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of food packaging in particular, there are cases in
whi ch yell owi ng of the resin becones conspi cuous
causing problens in terns of quality as a result of
recovering the sheet by w nding. Thus, users of these
types of applications are particularly sensitive to
1,2,2-trimethylgrepbxygrayp, el 3-dimethyiputaxy geaup, apb2tdimethylbutoxy group,
performance requirement. 5 [0079] The ratio
a 2,2-dindethvijutoky gheup?-ee2 Srdigetimgbeatony groumsi ayhi3-dinthylbutdxy group,
wei ght average nol ecul ar wei ght (Mv) of the

a 2-ethyiBUtEREgiUPCE ZAiBhyipEhty R ROID, W 3ameRiyipentiiyxegroup and the

purified by’the present invention is within a range of

like. ?r%%}%%ézégarﬁﬁgse\% Y MrhBiHoxg GRIGE & Sthexy group, a

nore preferably Wwthin a range
5.t0: i |
n-proppRf Brdu” & isopTongil e ok e ke, I Mvel HES pppferable
trength of the resin becones pgpr resulting in the
examplisBRY IQFdS ARTRIORY SEUR g AP SIBORKERAUR e the dr awi ng
ratio during biaxial orientation. In addition, if the
[0061]y ati o exceeds 3.0, the bal ance between fluidity and
t hermal deconposability becomes poor, thereby naking
The teret 'alkyk grovipnbaving 22 @s mereiearkan ptaras” used in the present
thin-wal |l ed nolded articles and the 15like. [0080]
specifieatiomptefersofo adinead er fovanchad alkyl groyipt havingl2uto G6fcavkomiatoms,
may i nclude a nethod in which the range of nol ecul ar
specifisreikaiplel Stwhiehtrayinclude an ettt group, @aai-pyopyl gratp, an isopropyl
pol ynmerization in a reactor in which polynerization

group,%:mﬁut?f réﬂq?,téﬁ eI %ﬁp?_azgeé[ﬁhﬂfp‘brbtﬁ‘p,\ﬂﬁitéh-t?um §foup, a

e typeés of copolyners having different nol ecul ar
n-pentff kB, 55 T FLBIMIBoRNE! S &) Ci PR Bfove. 2
22-0nfRRRGTG BEUE 8T, Tyl cutper o PRI growp. 2
1-ethvE£—kr§%F§lB?és§*? dfotheapt-geRmh BRI EeUY Bet-BEDGIVHatuP. 2

DSC, and the tenperature determ ned according to
1-methylkutyie: S10WP: nd@i careethylpulIS aeupa As 1.d<imefyibatye group, a
glass transition tenperature. [0082] Al t hough
1,2-dimeétbybulyl egrosippaa t2,2udimethylibutybgrews  an1i3dimethybutyl group, a
node of the a-nethylstyrene unit and vinyl aronmatic
2,3-dimethgibetyl urgroupf ahe2-etlyyleutyt bgssmp,5 & of2amethyipentyl group, a
according to the present invention, the nost
3-methyidryiadtbap @acthe gikeDdPréferablé eRampies megineladd anfethyl group,
random bonds. In general, susceptibility to thermnal

a n-pr%’;?‘;ﬂ g&?& & ?bg‘r?@ﬂ ? ;fv@p,i & PLIBRGEIOP, QhQ%&ﬁtyFT%%g’w Bbssc-butyl

ains o styrene unrts present.

i styrene (n'ts present. |
aroup. ERFPRPoibp, A PERY| GRLPrha o ke, PL D1 <1 D eme it

[0062]t0 from2 to 4 chains. 10[0083]

The term "halogen atom" used in the present specification refers to a fluorine
atom, a chlorine atom, a bromine atom or an iodine atom.
[0063]

The term "haloalkyl group having 1 to 6 carbon atoms" used in the present

specification refers to a group in which a previously defined "halogen atom" is bonded
25
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Since there is no risk of the vinyl aromatic units
inpairing thermal stability even if in the form of
chains, they may be in the formof a |long chain
structure. The inventors of the present invention
found that if vinyl aromatic units are of the AB type,
to a previowsly defived) "alkgligieuphavingyl ta® catharcaloms’s are
present on the end of the nolecular 15 chain of the
[0064¢0pol ymer or in the formof block copolynmers of the
ABA type (wherein A represents a honopol ynmer conponent

AOVPi?ﬁ%?orﬁBtlé"rMoﬁémér ¢ ugé@Atthe prsent eRenBtivrs refers to, for
whilé B represents a random copol ymer conponent

examé :%tWerﬁ% a-4ipt %f%ﬁb@ﬁ’tﬁté&“ "sglré’ﬁ'@' Vduen a5 ongiméthylstyrene,

ot her pe rmance | ncludi ng heat resistance,

rnal st abj anl andof
m—mq‘t@ﬁ%tme:t o s BEIE D o B istERer T 2 infethiistyrene.
|I|ty t ol ymers co osed of
3 4-AGTRE LT s 3 S pBTROEE, hoP LAY IIE hi‘q?@ﬁ#@?"e or
the vinyl aromatic units is extrenely favorable.
o-ethylstyrengie oF rethef ngstyrRNa yXHALINE s e 8UEDPORS meP- hydroxy styrene,
according to the present invention as a recycli
p—mewwwndayptdﬂbmgtymmragh1@thﬂYietbw&ﬂQct efi Qfeferable vinyl
such as in the case of reusing by nelting and kneading
aromatid m@%ornet ¥ststyrene. @neo ey @ach cafnthee cumethylstyrdrieciand vinyl
pol ystyrene chains are bl ocked on the ends of the

arom&¢ oMontetahay befuselde of amaixitrerof twb & drdre types e tee used. In
are no particular Ii mtations on the bl ock chain

the pheagt \’h\iéﬁ*\tlf)ﬁ Ethdl Mkt Pfé?éi%b!é célﬁlbirﬁatnoﬂﬂg thé @ombifdtion of styrene

average no ecu ar I ock chain portion may

o Ao SRR R0 0 oo

onposed of vinyl aromatic units is preferably W|th| n

[00653 range of from1.0 to 3.5. [0085] The ratio of
Mz/ Mv of the Z-average nol ecu) ar wei ght ( 0 the .
egnienchdhe HIBTPRTEAR G I FOBnS:bats) Bopolimer is from
aromatic unit for the block conponent is reqwre? tg

5 to 186wyt weighk prefegeblyfram 8@16&%&5/ weight gpdmaereppreferably from 10
within a range of from1.42 10 to 2.9 and nore

to 6506 diyewelghy. wif tthe rcomtentnafethef afmethyistyrene ainit 8. lower ithan 5% by
ratio of Me/Mvis less than 1.4, the bal ance between

weighit] prabticsl effettsréstiaprovihg hreap eesistance fare hirtuadly inot observed.  On
beconmes poor, thereby making it difficult to

the o%?ém d. 8t ehe ¢ttt HFRAEf RITBRIStAEné uhitSextedd 0% by weight,
article. In addition, 1f the ratio of M/ Mv exceeds

thereg ?rgcrgé bﬁycﬁ@ﬂﬁgr i rmlal HQ@érﬁPMSIﬂBK'dﬁﬁngtmeltm? and molding

ded articles hi n- wal

e RSB 4t 8 o n s v

tic unit for onent r

amouny @ GaeRPTEET Wrﬁwn%retsrﬁ?h% reRiD fieTease Acchid "@%Wgﬁ’%%‘ﬂf’“m"

exanpl e, a batch-type reactor, t| nuous .t ubul
therebua@wtmg in NsFRasAIRdheaRCHEeReS of Dlesgopbgn the Su%face of molded

conti nuous tank-type reactor with stirrer or a
articleant i nuous coil -type reactor, followed by feeding

a- net hyl styrene, vinyl aromatic nononer and |iving
[0066jonopol ymer conposed of vinyl aromatic units into a

conti nuous conplete m xing type of reactor and

COfer YoR/meriZiiblé hondntérs can BBusedm additibwtkthe monomers

copolynmer. In the case of obtaining an ABA type of

bl ock copol ymer, vinyl aromatic units are subjected to

living 25 polynerization in a different reactor after

havi ng produced the AB type 28| ock copol yner.

Alternatively, an ABA type of bl ock copol yner can be

obt ai ned by adding a bifunctional conpound t hat

reacts with the growing living polyner species in a

dlfferent reactor after having produced an AB type of
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[0087] As a result of further conducting extensive
studies, the inventors of the present 5 invention
found that a styrene-based copol yner conposed of at
| east two types of copol yners containing an
a-nmethyl styrene unit and vinyl aromatic unit obtained .
descripgd @bpve mifbinsa rangenthab grgseet irpaiothe ehiect of the peasent invention.
conposite ratio in the copol yners obtai ned by
Examplep of pthey polyraenzablemionomersmay inclugle cbrijigated aéeree monomers
result of continuously or intermttently changing the
such @enmpatidieneg adr soprene;Mehdthibotylic eacidaalkyl iestérsasaomt as methyl
10 nononer represented by the fornula (3) in the raw

methalRjistel athyl ﬁ%?ﬁ’ﬁkﬁ?[a?é,%rdﬁﬁ%eﬂﬁbfﬂét@aaﬁ%dt}’lchié%é@ylate; and
ance, I

heat resist hermal 'stability, nmechanica

sy CAEREEHERS <2 14 il ahy Mg, RSP B or by

in aromati c _conponent .a nai.n Go nen er. .
acrylale, " peten ROl A ey do s Thad el ITBHATRA ot Hiiting impact
in the case of recycling nol ded art.icl of this
strength eipRgation QiERIEE! 63 e SKeco ertepinar omat i
units such as pol ystyrene can al so be reused as
[0067k ecycling materials by blending. Different copol yners
refer to copolyners in which the glass transition
Therstyrenerbased eopolymirf incthe resant ingestiors& syntbesiged by living
20The supplying to a polynerization reactor by
anionic grdlymefigation. orA ikmoanntridgtieod |cancbangseagtd lsarrg cogtoliving anionic
rati o of a-nethylstyrene and vinyl aromatic nononer

polymafiEatibri. heFgrasi@imsle, BRBrgahiBatthiuhec6PPBAAE i§used f6F the initiator,
each nmononer introduced into the polynerization

. i I . i )| . d | . .
spocCSBE B S HER R 1R IR 1B, SN, oyt e,
. C N i Laf. esuyl ti . p .
ety G cHoBAP R, 0 ) lghOGtE S IRy frim and

. copgl rs conposed of .at | east .t different I
the likg o BLEIPTAPIe SRARPIES Figydoiuds N-butylBhium,ald EEGbuy! fithjum.
or nore different conposite ratios may be mxed in a
[0068k0| ution state in a bat ch-type tank fol |l owed by
flushing into a tank heated in a vacuumto renove the
A bydegnarbeon-based isempssdaneicantaining a hetgrefatpm isqerefasable for
renmoving the 5 solvent using an extruder or kneader.
the palymerizationelsplvent)egpecific abxamplesr efowhichd mayt melvider raliphatic
of pellets directly without retaining in batch-type
hydro¢zrbbn combdureispsiidieas re-hexadrtes reyeohexand arnteptade, and aromatic
uniformin a batch-type or continuous m xi ng vessel .

hydrod¥irb8h nhpdinds Sbdieas MErizend, tdigeRe! é@ybendéRe dr xylene. One
uniformstate in a mxing vessel, the pellets can be

type 5@*@32‘@%@. B RIS 52%%%?@@%%8&%92%%“ A
paﬂlcggﬂzbhéﬁ%aﬁ%/éﬁ%p?wﬁ?q};gﬁhgﬁ?* t Irgmall\/{li c rrgnorrer (M) of

0069 0/50 (% into a reactor and pol yneri zi ng, feeding
[ s switched over to a raw nmaterial having a different

conéjo_s_,ite, rati o, such as, ML/M2 of 40/60 (W% which is
In addition, in the present invention, benzofuran may be added for the purpose

of controlling polymerization. The inventors of the present invention found that the
polymerization efficiency of a-methylstyrene can be improved dramatically by

containing benzofuran in the living anionic polymerization system of the monomer
27
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15 also introduced into the reactor foll owed by
carrying out polynerization. In this case, the raw
mat eri al conposition is said to change intermttently.
When pol ynmerized in this manner, copolyners are
sequential | y obtained having conpositions that
containng ndvetystgienege from the conposition of the
copol yrmer obtai ned by polynerizing at an ML/ M2 ratio
[007®} 50/50 (W% to the conposition of the copol yner
obt ai ned by 20 polynerizing at an ML/M2 ratio of 40/60
(M %9enelBk inestyrenhd Jand Pednjugdtedatienehdivingl afidnic) polymerization
solution or stirred and m xed in the formof pellets

systleﬁ'lsa ﬁéﬁn@r %ﬁﬁ)duﬁacéddh &é’ltétPél}WerMréf?'lé kRéwA "R be added for the

knea to obtain a copol yner having a certaln fixed

oSSR d 0 Sy FRGRBRINTTIS 6 B GRe SSKOhaan curn
copgly%?l@flg@ yrfgﬁg\g\}{gf hsuiq% tect{ﬁ'}fy)d?oftgf%qma{p;r %%@ﬁ{qlé hgasily reacts with

conmponent s d| fer. ners ¢ alne as a resul
|Ithll{|"ﬂ§8@l@p0Hg@% equenty| Us 5 o csgg s pP llyl)rpgwppwnlc polymerlzatlon
honmopol yners of vinyl aromatic nononers, and si
systemsy dapending eon dhempqiyraenzatmmp@r&twemthﬁ@waéam REpblem of
a decrease in nechanical properties, they were
decraisingninitiatorn effitiengy by mesult af acting:as aoriehipitor. gh
5utilization value as recycling materials. [0093]
[0071) the living anionic polynerization serving as the
production process of the copolymer of the present

| e Bther Hamal fid Ban£dfuiditussd NI BreiskANinveAlién ebntributes to
is preferably carried out in the case the reactivity

incro?]é)srlfgf’;1 %?aéln gay_mnﬁz%ﬁpﬁ'rﬁtm WSndrier re3cfidi ﬁﬁo&gcét%g g the above

yl'styrene may remaln I n e react

protfiiby B EEEAH a6 Bl prof o2 Ny %%'%f%"%? FEfARebCopolymer

t form f ac ound hayi an o drogen, bond

of a ity meleaulerapeloBF BalBer ol fil s SELIRRALHA b3EPPER fysacded to
simlar effects can al so be expected for epo]y

a-melmiByiene, in @ anodshefdiem S t nggpmo rom 10 to 4800 ppm
carboxylic acid anhydri des and 15 conpounds haV|ng a

andgaeriedpreferablydrormn @do 4609 pprounif the added @meuntiis {awer than 5 ppm,
used is preferably about one to ten equival ents of the

the @ffect ran dbe cgrewing fpdlyraenrspeciesofietieases addiNamelys the ezffects on
I's excessively large, not only is this disadvantageous

polynferization rate and tpdlyrheiization coriiersion Tatecdsaease théviebly preventing
it inmpairs mxing of remaining additives. [0094]

the 89j@€i IRE prRsSRIhAENtioRifidth befly Aeaihed! ereedl ifbenzbitRan is present
pol ymer chain can be made to have a branched structure

in e?%?st“saéfr Qﬁdw%&‘dt ?Fg'igﬁéddﬂ Q:héﬁgé% hPé‘o%éNe& in polyn&enzatlon rate or

uncti usi n

P e A 8»&%@%%@% Hractrisi

coupl les of myltifunctional

Ye"%‘%‘ﬁ‘ﬁo IQE ggé ﬁﬁ%@lq%gqund engmapg@%c%&%@g pelletization following

removal of unreacted monomer and solvent, thereby making this undesirable
depending on the application.
[0072]

Benzofuran is not required to be added and mixed into the a-methylstyrene prior
28
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25 pol yepoxy conpounds, nono- or polycarboxylic acid
esters, pol yketone conpounds, nono- or polycarboxylic
aci d anhydrides and the |like. Specific exanples may
i ncl udesilicontetrachloride,di(trichlorosilyl)ethane, 1
3, 5-tri bronobenzene, epoxi dated soybean oi
to polymerizatjpycars may, ke miechwvith etherynepemersand soiventset hy |
oxal ate, tri-2-ethylhexyl trinellitate, pyronellitic
[0073]dianhydride, di et hyl carbonate and the like. 5 [0095]
Fol  owi ng conpl etion of polynerization, unreacted

Thenpoletization| tegiperatuee e prefetably withiatthel Ziigeoof friodin40 to
the polyner for recovery and regeneration. A known

110°C Wﬁbl’é’ﬂré?éﬁédﬂﬁwﬁﬁﬁd? f’é’f?ﬂé’ 8t fbinl 56 88 180°C %ﬁH‘(—ﬁUen rﬁore preferably

thod 1 nvoI Vi ng ng rnto a vacuumtan
I at t |
witin 8 3REBTH A B 18870 Intle R aRe R %ﬁeéée}ra%%';‘& J@ir than
o r the volatlllzatlonr nova ar ap us t hough ..
40°C, Jﬁ Pyttt diceacehd RETRH mrRkD0 ofhe Wéogeoﬁsvérﬁprac“ca' for
. latile co n S su as sol vent and residua
'"dus"f?grﬂfﬁg% tiof}-e ﬁfr‘%%ﬂ"? y! Wﬁitﬂ"aﬁmﬁ’ez@i‘{fsdsafi'gﬁef than
te rers)erature of from 180 to 300C and degree of vacuum
110°C,ofyellowinglod e tcomiyrren. bgapneey aanspiasionsd whilewialssh causing
vol atilization renpoval apparatuses are connected in
decreases irweatteraesistaged and theomal stability afithg espolymarsiuring melting.
effective. In addition, a nmethod can al so be used in
[0074]whi ch water is added between the first stage and
second stage to enhance the ability of the second

THea 88 rbfe Hakal | bbﬁ@ymaoa@fordmgr PVRE. prddeit ﬁ'@&ﬁt{érﬂ%an be
vol atil e conponents”with a flushing tank, an extruder

u r I
Pf°d“°%§ ) TPE chalibic, dfnugag il i Bmenzbfiof BB omleg mixing
e ol v [ .
type of) ?aﬁf‘i{éaé.gﬁ@” fedoar ne/SR%w%ﬁPﬂgm% %ﬁ*ﬁ%? Whfing type of
| con?oun S used i n_st based esi ns_can he ﬁ dded t.o
polymerization rEaGIor RadaRen:G 6\ X NEenY P%FV'E'}"F&'ZB gggetor may
invention for the purpose of 25i nprqvi ng. t hermal and .
be compiretkni i9rdst tplhtatrya randam |099°b{m?fd"(b pa%nqﬁ'@arag complete mixing
necessary. Exanples of such additives may include
type oppplysigrization oragtentis praferaller oGamplete mixing type polymerization
2,4,6-tri-substituted phenols such as
refers tq 8-noéthod toftpdlymerization tblhe uses at cordinpusigpe of complete mixing
gl ycol - bi s43- (3-t-butyl -5-nmnet hyl - 4- hydr oxyphenyl ) pr opi

reactoos@teat theetdbrRRintiafibhé Of a—meth){]Isté/rene vinyl aromat|c monomer and
tetraquis[-(3,5-di-t-butyl roxyphenyl )
living depeRnstairekentifttAE SiviHg é’blymenzatlon reaction system remain constant
at all times.
[0075]
In the case of desiring to enhance productivity by increasing the monomer
concentration in the raw material solution, it is desirable to attach a condenser to the
polymerization reactor and remove heat of polymerization with the latent heat of

evaporation of a solvent to efficiently carry out removal of heat from the

polymerization reaction. If mainly cyclohexane (which may also contain n-hexane) is
29
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(3, 5-d i-t-butyl-4-hydroxyphenyl) propi onate,
1,3,5-trimethyl-2,4 ,6-tris(3, 5,-di-t-butyl-
5hydr oxybenzyl ) benzene, n- oct adecyl - 3- (3, 5-di -t - but yl -
-hydroxyphenyl)propionate
-butyl -6-(3-t-butyl-2-hydroxy-5-net hyl benzyl) -
usedqforpﬂ@qpptymgnzatlgn solvent in particular, it becomes easy to control the
2[ 1- (2- hydroxy- 3, 5-di -t - pentyl phenyl )] -4, 6-di -t - pentyl
polymbrzaticrcteyhgdrature in the vicinity of from 80 to 90°C since the boiling point of
tetraqui s[ net hyl ene-3-(3,5-di -t-butyl-4-hydroxyphenyl)
cycldwe&aher@szm”et hane, 3, _
s[ 2-{3-(t-butyl -4-hydroxy-5-net hyl phenyl) pr opi onyl

007 y} 1,1-dinethylethyl]- 10
[ §]X4 8, 10 t et raoxa[ 5, 5] undecane,

1ln3tlﬁe %%&%‘?Hug'ﬂ?d% houbMipicte MMERG YYPE GV ubutdr” b8 hitrization

ri one

e ) HOARLP Y R AR s

like. [0098] In addltlon hosphor ous- based

reacton 18P6'>1 agdn me easather @tlodkéi)&féﬁ? ilengta ki to tBginngr digmeter (D) of
added as secondary antioxidants, and hindered am ne

the reaglor lis Acorsmere 07 ialthecase faorirdag efficiencye therstyrene-based
resi stance agents. In addition, plasticizers such as

copoiymerr adconding to lthe presant ;ventibn aan Iberprodbegd by laidding @ solution of
carboxylic acids and / or netal salts thereof,

vinylepbmatio tnonamenfeom  hiddle Socutivarih théyssctor or gani c
pi gnents can al so be added. 20 [0099]

morﬁpthraqw none- based organi c dyes for inproving
coloring are particularly preferable because of little

é’ﬁpéﬂ&lﬂsﬂt tHy 85@&8@ r SR b és%nf’fm GF‘ISIOF\O Y% be ?btamed by

| I cone-hase uorlne ased ease agen

conr@pd K8 of cRIE Mot Aeble S Uk, é@ﬁ@%’eﬁﬁ%‘@@q f%ﬁec%“sr‘" series

hese tabll zers can, be added and m xed
and %(SJ pgngrs g,t}lcm ) Y{nyl(ﬂrpmﬂﬁénmp% = sgpond po ymenzatlon reactor
yneri zation, or they can be nelted and m xed usi ng
followed e&@lm@@zaﬂw inohen dirste RolRgrizatignoIroaeter. | Hiasepver, a block

copolymer of a homopolymer and copolymer of the vinyl aromatic unit can be
obtained by only polymerizing the vinyl aromatic monomer unit in the first
polymerization reactor and then carrying out copolymerization of a-methyistyrene and
the vinyl aromatic monomer unit in the second polymerization reactor.

[0078]

The value of the yellow index of the styrene-based copolymer according to the
present invention is preferably 3 or less, more preferably 2 or less and even more
preferably 1.5 or less. As was previously described, it is effective to reduce the
content of polar substances in the a-methylstyrene purified by the purification method
according to the present invention in order to lower the yellow index. During

production of a biaxially oriented sheet (OPS) or foamed sheet (PSP) used in the field
30
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The styrene-based copol yner according to the present
invention is preferably suitable for injection nol ded
articles. In particular, it can be used in structura
S5materials and containers requiring transparency, heat
resistance and high rigidity, as well as in nol ded

of faod ipsckagimgdire padtiauilar, Ithgiet are) caseerin whiph yeliewing of the resin
weat her resistance. Exanples [0101] 10The fol |l ow ng

bectwesicdaspizuons eadsingi prebless Iraterinsast qualityras a result of recovering
distillative purification conditions of the present

the 'vsﬁéémb'yqmnarifgougﬂmswgek@%ﬂth&@ ped-6f HApplicatichs ARE particularly
present invention is not limted by these exanpl es.

serfER) sayelsing b TainG R sodHRasR peiRqibe requirement
wm%larrpl es and conparative exanpl es. <Eval uation

thods> (1) Solubility of Basic Substances in
a- et hyl st n The sol ubj | i of. basj .
< Tbeuratie BUEINIWE ofther? Pupirtnolesulaf wirjalt (I fa the weigit average
eval uated based on the following criteria. In_the case
moleculars weighiHMvinet thes styrerg-bases copolymer eentaining a-methylistyrene
a-methyl styrene in the reaction oven was observed o
purifigd by theepresent inyention isovithinta rahgeof fioms it 4 touk01 preferably within a
the formof an initial fraction. 0: Uniformy
rangd ofsfoomeldd 21tal 219 amds peer MoreAreferalyir withinlasarges efifrom 1.45 to 2.8.
suspended. x: Conpletely separated. 25[0103] (2)
If tha-riEb ofl MEAIRNS I8 tHdrC 414, aRe Hallfitdesbetween fluidity and mechanical
strength of the resin becomes poor resulting in the problem of making it difficuit to
increase the drawing ratio during biaxial orientation. In addition, if the ratio exceeds
3.0, the balance between fluidity and thermal decomposability becomes poor, thereby
making it difficult to mold large molded articles, thin-walled molded articles and the
like.
[0080]

Examples of methods for controlling the value of Mz/Mw may include a method
in which the range of molecular weight distribution is increased by carrying out
polymerization in a reactor in which polymerization times are distributed; and a
method in which two or more types of copolymers having different molecular weights
are multiply dispersed by melting or solution blending. Z-average molecular weight
(Mz) and weight average molecular weight (Mw) can be determined by converting to
polystyrene using gel permeation chromatography (GPC).

[0081]

Glass transition temperature in the present invention can be determined by DSC,

and the temperature determined according to the method indicated in JIS-K7121 is
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Pol ar substances contained in the recovered main
fraction were quantified by gas chromat ography
(GC-14A, Shimadzu Corp.). The anount of polar
subst ances was taken to be the total anmount of
acetonyl acet one, 3-nethyl -2-cycl opet enone,
used fardhe gjlasshiyarsitonl temoperaprenone. The pol ar subst ance
renoval rate was 5 determ ned based on the follow ng
[0082]f ornmul a 1. [0104] Renoval rate (%9 = Anount of
reduction in polar substances (ppn) / Content of polar

AtbsbRNERYe DaIOD Paidul&RlinfatioRs dn Xthe0Bohdilgo>mode of the
10(r Rermval rate of greater than 99% O: Rermval

o- metr{af?étgreﬂfe \ﬁ'@ﬂ ggﬁ}/ﬁwhﬁc O e oREFO (@it tﬁb styrene-based

ter Renoval rate o

copow@%mlaﬁé’f PR A BTGt o moce s
rene cal Ltd.
copolyRiet] rpRaed (ot iTandom £onopor rlo. AehpEEl %ﬂ&cepfm 1) ¢ hema
a storage tank and bubbling with nitro
decompesitiondendwto ipsmease thﬁrgjegter the uumbiew? paamwfmwmethvlstyrene
packed with activated al um na (KHD 24, Sum ka Al chem
units poesentLt dhushdepandiagven the applisation,cit ds trefesableeto control the

pol yneri zation inhibitor in the form of
numbelr of shiiins af esmethylstyreneaunits toyfrarh 2 ok chaikBSt ©: M t sui
Chemicals, Inc.) was purified under the conditions
[0083]i ndi cated in the subsequently described exanpl es and
conparative exanples. (2)Initiator

Since there is no risk of the vinyl aromatic units impairing thermal stability even if
in the form of chains, they may be in the form of a long chain structure. The
inventors of the present invention found that if vinyl aromatic units are of the AB type,
in which long chains of vinyl aromatic units are present on the end of the molecular
chain of the copolymer or in the form of block copolymers of the ABA type (wherein A
represents a homopolymer component composed mainly of vinyl aromatic unit
components, while B represents a random copolymer component containing
ao-methylstyrene units and vinyl aromatic units), other performance including heat
resistance, thermal stability, mechanical properties and fluidity is equal to that of
random copolymers, and that compatibility with homopolymers composed of the same
structure as a component of the blocks in the form of the vinyl aromatic units is
extremely favorable. In the case of reusing the styrene-based copolymer according
to the present invention as a recycling material by taking advantage of this
characteristic, such as in the case of reusing by melting and kneading with
polystyrene, a copolymer can be used in which polystyrene chains are blocked on the

ends of the polymer chains of the copolymer.
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n-Butyl lithium (15 w % n- hexane sol uti on, Wako Pure

Chem cal Industries, Ltd.) was diluted with

cycl ohexane by a factor of 1/61. 5 (3) Term nator

Met hanol (anal ytical grade, Wako Pure Cheni cal

I ndustries, Ltd.) was diluted with cycl ohexane to a
[008dbncentration of 3 w% (4) Polynerization Method A

jacketed 5-liter reactor (Rl) attached with a stirrer

( Vhetd arednd paricutar linditatiBngionche bileckvghdim teregth ioéthe vinyl aromatic

Ltd.) and condenser and further equipped with a raw

unitsTedrRy tied nﬁﬁ%r%b?@ rholetliRy AleigREBf BOBICR ¢Hiin portion may be
pol ymeri zation sol ution di scharge nozzl e was used for

withing rQHéé%'FWoWHb@P etgeﬁﬁt 0. Tincaduitibistthef ratiBsf Mw/Mn of a block

condenser was sea nitrogen gas to preven

t
o S0l VB ol YAy SRR S0 095

3liters at all 15 times. A portion of the
[OOSEEI yneri zation solution was continuously maintained in
a_boiling state and internal tenperature wa )
cdher @ticeal Mz/Mw pisthe; §-averagerraolesular \MalgEbéM;) dp the weight
the stirrer was 320 rpm GCear punps were respectively .
averageavnlegutas weight tMwheaf aa viay! arorsatienaitdor ithe biack eemponent is
pol yneri zati on reactor, and the pol ynerization
requiredtbiberwitieia acramgeodfl feain o4 td 310, preferakily within aeange ofifrom 1.42
ratio of St/aMeSt/CH of 10/21/69 20(wm % was al | owed

to 2.8@rid Porée prefedipivithin 4 e eftfroraf1.45 fo 2I8. . If the ratio of Mz/Mw is
addition, the initiator was introduced into the

lessPRLY R4 B balriceasétNeeh! filldy dndHmechBSichl Biderties of the resin
pol ymer sol ution discharged fromthe polynerization

bec%rgf?fgrﬁg‘%?f:? :trgﬁr\;ghf% Oﬁ&étgﬁgﬁqérﬂ%ﬁ%th?% uéé%ﬁga%el E%rformance as a
rosin i Briehd panidasiiordf FEEbier MPFRL B0 AT ity becomes
oo tharay, ek d REUTeiontaic daros: Medeth geicies, BTbpaysd molded

.to 70C. The term nator solution was introduced into
articlascanbthenliks. zat i on reaction solution at a flow rate of
0.1 UHr, and subsequently term nated the
[0086)! yneri zation reaction after passing through a static
m xer having a volume of 1.2 liters (Mdel SMX, Sulzer
Cin p.procéés forvyrodudihg spodpuiyrnes bavingaa vings aturaaticlunib for a block
260C with a preheater and then flushed into an

com?@ﬁéﬂ?,(idrﬁbﬁioboﬁ@nér cRnpbsed of WA @formatie units is fproduced with, for
enperature of "260C under a reduced pressure of 60

. AL e ¥ il et comal st e
reactt&mae%%}tttﬁh?ﬂgft?%IP—%OCW%‘E@ \{vﬁh tsli'i?rtefe 'o?%“b@&irﬁﬁ“u‘sa&?ﬁtgpe reactor,

was a e retention ti1me of

ol ymeyr i,n the tank was aboyt 20 o 30 mnutes. .Affer
follofyhy Teagig:a-neBNSHER o ih PESTRHS BIRSTHEANG g hSmopolymer
ynmer. was subsequently discharged 10 in the form

pol / ) of
compopeh Of vy |aEaMHIe (injigtiBto aRPNtIREAUS cPMPIeteJRiXRG typg of reactor

cutter to recover styrene-based copol yner. .
and copolymerizing to obtain an AB type of block copolymer. In the case of obtaining

an ABA type of block copolymer, vinyl aromatic units are subjected to living
polymerization in a different reactor after having produced the AB type block

copolymer. Alternatively, an ABA type of block copolymer can be obtained by adding
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[0107] [Production Exanple 2] A styrene-based
copol ynmer was obtai ned by pol ynerizing under the sane
15 conditions and using the same nethod as Production
Exanple 1 with the exception making the flow rate of
initiator solution into the ﬁol ynerization reactor
a bifurictioeaUepmpobindsthat Aaactgt with | thekgriowdng: living pelymaeresgenies in a
of Mol ecul ar Weight (Mh, My, Mz, Mz/ Mn) 20Mol ecul ar
differemtenegbtos after haviegrodaced ah AB ’@B@ of fivingreopohsnet i ng of
connecting two colums (TSKgel SuperHZM H, 40C) to the
[0087]HLC- 8220 manufactured by Toray Industries, Inc. and
provided with an RI detector. THF was used for the

ARk, gﬁﬁﬁg\e%bﬁ&lb& drgf;oéxtg sivB! RGHLET thaGhUEt®rd\BFthe present

carrle y preparing calibration curves using

. ol T

overd 0008 A SRt YA S S A b B oo o
Pol yneri zation

copo'vmr%tqoaﬁﬁzﬁeeea%a—m@ime%tvaﬁneevnht@ms Wy} RPriate unit obtained by

ymerization_ foll owed by quantification of the

contlnmm@g @P'Yﬁ@%’i@ﬁ'@nnﬁﬂéﬂ%r‘mﬂ% the ﬁ%‘i"‘ﬁ?ﬁ%‘? Wféhg‘ the copolymers
remai ning in the solution by gas chromatograph )

obtaingazby supplyitig iveal palymarization Feactopdiffens:as asesy of aowtinyaisly or
determ ned based on fornula (a) below 5Fornula (a):

intermiehtlyreohangingo the aoenpdsite=ratid- Gfmormethylstprenenandt vinyl aromatic
remaining in polynmer solution after polynerization /

monom@N fEres@ftBd ey s feimula (BRI 1ivd eawamatariald,i demobestedtes other
pol yneri zation)) x 100 [0109] 10<Mol di ng Met hod>

perforrYRhée %IM@ﬁg"rﬂidt'rﬁglsPéﬂceU@ﬁ&?néIhﬁaB nfgln%dl&n%ﬁl‘(ﬁrbbé’ﬁés and

using an i1 njection nolding machi ne uf act ured by

i AT ot HNEEL B 3, SR RO v
a vinyl bag@rnla?g %§ 0'61%%{ Pﬁg '{‘gﬁb‘g rﬁﬁgﬁ%@ghg@%ﬁ%@xﬁeﬁ%el\ﬁa@&able

[0088]

This suggests that, in the case of recycling molded articles of this copolymer,
polymers composed mainly of vinyl aromatic units such as polystyrene can also be
reused as recycling materials by blending. Different copolymers refer to copolymers
in which the glass transition temperature thereof differs by at least 3°C.

[0089]

The supplying to a polymerization reactor by continuously or intermittently
changing the composite ratio of a-methylstyrene and vinyl aromatic monomer among
the monomers means that the concentration of each monomer introduced into the
polymerization reaction system changes either continuously or intermittently, and as a
result, the composite ratio of each aromatic unit of the resulting copolymer changes
resulting in the sequential acquisition of copolymers composed of at least two different

composite ratios.
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15 cooling tinme to be 20 seconds. Ml ten resin was

filled by applying pressure 5 MPa higher than the

injection pressure at which resinis filled into the

nol d. An ASTM No. 4 dunbbell having a thickness of 3

nm was nol ded and used as the sanple for measurenent
[0090]of yel |l ow i ndex. [0110] 20<Eval uati on Met hods> (1)

Eval uati on of Pol ar Substance Content of

Copdiymgisshavingewo or niné aliffereht tampesite oaties mey ba mixed in a

sanpl ed a-net hyl styrene were quantified by gas

solutiof lstateah adb sBty détank MBflowsi b Hingdhtd a tanK'keated in a vacuum
tenperature of the colum (HR-20, nmanufactured by

to rempRL M SoNC B <o e HeeRRrad i the #in RF 1Sl By denioing the
solvengm%qaélgﬁdé\?@a&ﬁé&ﬁﬁg S hﬁ'gﬁiaﬂivg@ ﬁ%%l%ﬂ%t?%? %errgagvé)rgd in the
v ation,of . D ner,  Conten f a-Methyl styrene
form ofRlatS tireaEwab RTstaNa B bafEy fin a8 he Pelets can then be
. a-net hyl styrene were quantified, by gas, chronat ograPhy .

mixed @G@-nﬁ% untaimdg Apatehdyne ofsaRtiniausNIXiRG vessali eOltginatively,
5under the follow ng conditions. Colum: HR-1 (0.32 mm

after puttdg thexpellets igtg a uniforpostate @aa mixing aessek the pellets can be
m/mn, split ratio: 1:10) Columm tenperature: 200C ->

further(Bélted and 28iked (4G an extrudr300C (hel d for 20 mi nutes)
10Sanpl e injection port tenperature: 250C Detector

[0091]t enperature: 280C [0112] (3) Evaluation of Living
I ndex Living index is an indicator that expresses the

A4 S apesfict prddiReibn! EXaMBle, after feeding a raw material having a
composite ratio M1/M2 of a-methylstyrene (M1) to vinyl aromatic monomer (M2) of
50/50 (wt%) into a reactor and polymerizing, feeding is switched over to a raw
material having a different composite ratio, such as M1/M2 of 40/60 (wt%) which is
also introduced into the reactor followed by carrying out polymerization. In this case,
the raw material composition is said to change intermittently. When polymerized in
this manner, copolymers are sequentially obtained having compositions that
continuously change from the composition of the copolymer obtained by polymerizing
at an M1/M2 ratio of 50/50 (wt%) to the composition of the copolymer obtained by
polymerizing at an M1/M2 ratio of 40/60 (wt%). The resulting copolymers are then
mixed in solution or stirred and mixed in the form of pellets in a batch-type reactor
followed by melting and kneading to obtain a copolymer having a certain fixed
composition.

[0092]
Copolymers obtained according to such a method can be considered to have a

copolymer composition in which the composite ratios of the a-methylstyrene unit and
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15 polynerization. In the case of ideal |iving

pol yneri zati on, since the concentration of the active

speci es does not change before and after

poI ymari zation, the nunber average nol ecul ar wei ght

as cal cul ated fromthe resultin po 'S

vinyl r3é9mé\§§ md:qmmnecrﬁ% difterr. oGpnegmﬁrw%éauoeg as pofesultdhereof have

(b): 20l deal Mh = Weight of all reacted nononers (g) /
extrenelyl gosidb Qompatibiiityi witht wom o pollyineté eof | vinyl rayoimatiexmionomers, and

taken to be the difference between the above ideal M
sincearttiey hardVrabié  thenaiatalnetraasparahty Whheithedusing a decrease in

det erm ned based on the following formula (c), and is

meciﬁ’éﬁld:élﬁﬁo értie@.dm@} ard abiMmined EB"b@ B nzme?sg|=1éﬂ/|h§5lextremely high

i ndex = |l deal Mi/'Mh of resulting poly

utilizaBHevalns r,fg@g&[mt,lﬂg% %@ to 1.2. Li vi ng i ndex of

greater t or greater than 1.2 to 1.3. Xx:
[Oog%ll ving index of 0.7 or less or greater than 1.3.
0113] 5 (4) Gass Transition Tenperature (Tg)

SI ransH.lQnt eratureégk was determned in

B?r%‘ﬁ A %'?’Hcﬁ enzation, g @é thecpreduction process of the
manuf act ured by Perkin-El ner Corp. Mre specifically,

copojymer; gfyiae Rresentinyentipse gompletimcohtthe hpolyaesization reaction is
10C/ mn, returned to roomtenperature at the rate of

preferatdy manrlad]@uagalthe rcasedbetreacthity of thehwinybaométic monomer has
10C/ mn 10 in the presence of nitrogen. The gl ass

reached199% i rnmiceapandt wntethpietuend by i reendin anCipier fsactibn system.
the second tenperature rise was used as the val ue of

TermittatiohOdfltHe polymitZation! r@etion is carried olfe!Hyo¥d#MBER %08 Sreaction
measured in accordance with JI S-K7103 using the 15

termnﬁMo?Tr@tﬁé‘%rmtg Iét.r?]rggx g? H%\./@HO ?%n-ﬁ%fr% Bﬁd gﬁgh as water,

td. c): Yellow ow in

o, A48 Rk Sk A 558 o o

compounds, ester compounds, ketone compounds, carboxylic acid anhydrides and
compounds having a carbon-halogen bond. The amount of these additives used is
preferably about one to ten equivalents of the growing species. If the amount of
these additives used is excessively large, not only is this disadvantageous in terms of
costs, but there are many cases in which it impairs mixing of remaining additives.
[0094]

Polymer molecular weight can be increased and the polymer chain can be made
to have a branched structure by carrying out a coupling reaction with a multifunctional
compound using the growing living polymer species. A known compound can be
selected for the multifunctional compound used in this type of coupling reaction.
Examples of multifunctional compounds may include polyhalogen compounds,
polyepoxy compounds, mono- or polycarboxylic acid esters, polyketone compounds,

mono- or polycarboxylic acid anhydrides and the like. Specific examples may
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20[ 0115] [Exanple 1] Distillation was carried out by
sinple distillation. More specifically, a thernoneter
for neasuring liquid tenperature was attached to a 300
m reaction flask containing a rotor, and a K-tube
attached with a thernoneter for neasuring water vapor
includepesilican e, tetrachlonig, c odiftdoklergsilyl)ethangay Adaptrromedenzene,
a holding flask were attached thereto. Mdreover, a
epoxidatedm soyeanailc otetegiynidyl o 1t3}biadapbmethymwlzg1emne, dimethyl
vacuum control l er (VG 30S, Okano Wrks, Ltd.) to
oxalﬁféa fi2- Sy InekyrtimeNftate) Eyﬂﬁﬁélﬁﬁt élaﬂﬁydm‘é) fmétﬁglsrbalboné‘l@ and the
oi | bath was used for the heat source. m  of
hkea nmet hyl styrene (Mtsui Chemicals, Inc.) were placed
in the reaction flask and the Ilqwd tenperature was
[OOde]“ sed to be 80C. Subsequently, a basic substance in
e formof 0.08% by wei ght of sodi um et hoxi de (20% by

i ght . et hanol .sol u Waka Pur e Chenj cal

" Foflovind.complesdn ofbShmetzafign: hreAsti Fitnamerand solvent are
while 10 s,t,lrr.ln W th the rotor. The degree of

remgved hyvelatilization Foryhespelymes fortpconery awa regrnaration.g A known
tenperature was slowy raised to be from120 to 125C.

metirod eanbe lused fooivatatilization emevelt dometharkinvalvirg flushing into a
reached a boiling point during heating was recovered

vacaan dank and V al afmethbddnvolving heating to avaporationsn a vacuum using an
recovered when the liquid tenperature reached 120 to

extrdderl@bknaaterida bepesferabily uskdTBE RS Volatiization @asdvad apparatus.
120 to 125C. The contents of phenol and

Althbugk‘w}yﬁf& &EB?EImbrtottﬁé vBlé‘ilhtg' di‘i'hé‘sﬁﬁbhv |v6¥z-i(i‘l&8&n}lﬁ@h§nts such as

w t'he etectlon Tmt ppm yvvmgt

solv%ﬁf(nﬁ%@ arse%%g(uzaﬁ) Eﬁﬁiﬁ%hf‘er%h\gﬁ fygi%\'élg ; Ir%’rﬁbv?&‘ Bﬂ vél%ﬂﬁzatlon at a
B 50 A R 8 S50 0 §1°§f%%“°oé° KPa,

qﬁi ght. The contents of phenol and t-butyl catechol in
[00964 ¢ purifi ed a-net hyl styrene were bel ow the detection

limt (2 ppm by V\Bl(filht) 25[ 0117] [ Exanple 3]
A method |n WhICh volatilization removal apparatuses are connected in series

and arranged in two or more stages is also effective. In addition, a method can also
be used in which water is added between the first stage and second stage to enhance
the ability of the second stage to volatilize monomer. Moreover, after removing
volatile components with a flushing tank, an extruder provided with a vent can be used
to remove residual volatile components. The styrene-based copolymer that has
been removed of solvent can be finished into pellets using a known method.
[0097]

Known compounds used in styrene-based resins can be added to the
styrene-based copolymer according to the present invention for the purpose of
improving thermal and mechanical stability, fluidity and coloring as necessary.

Examples of such additives may include primary antioxidants in the form of
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A thernoneter for nmeasuring |iquid tenperature was
attached to a 160 m 5-nouth reaction flask containing
a rotor, and a K-tube attached with a thernoneter for
measuri ng water vapor tenperature, a Liebig condenser,
a two-way adapter and a holding flask were attached
2,4, 6t-substitutast ephengls a susbulas p2iGdidalsutybdmeethyipheool triethylene
t he adapter through a vacuum controller (VC 30S, kano
glycu¥bik<3-(Bitdbutylt B neetayit 4 hpdioxgpheml) pebpibhatejegr ee ofpentaerythritol
deconpressi on. Mreover, a-nethylstyrene was fed into

tetrafdmﬁs[ dB FHi-tButyPs-hiyaf ﬁeﬁy!? Brd?nﬁﬁ%t@] tJetRiEty-8- punp A

dition, sodium et hoxide 0% by wei ght “et hanol

@, 5???%@”‘*?‘?’%&@?@#@@&@&& "? SIAMERI2 Bitlis (0 -difbutyr-a-
“Yd%@%@@ﬁ%f‘&@é{a; Er?&t?%"a‘-éggéiiﬁgk &f%qﬁgtr%@g 'ﬁ%mpmate
245 %ﬁ%ﬁ 2R P R-Bem R A PEIRReT 1 o oat o acrylate,

/mn. An oil bath was used for the heat
2[1 QOGY@@W%Q"EEQW{HW')M(@ -dirtpentylpbenyk he di stil | ed acrylate,

nononer |iquid was anal yzed. The contents of phenol

tetr. aaﬁﬁlmeﬂul%@-at(écﬂadi-t-butyt—ﬁdlyﬂmxmhedybpmdl’gats]t yrene methane,
were below the detection 15limt (2 ppm by weight).

3,9-hiS[RH{3-(tbnyird hedrbky-5-methylpiermyijprepiényegylc drirdiatetioylethyl]-

in the sane manner as Exanple 2 with the exception of

2,4,8190116tra6%H[B/B]indEcanede (50% D3 5igisd 5'-dRHBAYE4"-h dro benzyl)-s-
sol ut i on, [V\allo Pure Chenical 20l ndgi‘trl es, Ltd. y xy 2y)

vt T Ll s i e
YA B PR T, 20T

[009§Eem cal I ndustries, Ltd.), distilling at a degree of
conpression of 230 nmrHg and |iquid tenperature of
from 120 to 125C, and recovering the main fraction
w[{bﬁ %Hgn VRIQSP Eﬁ}tﬁ’ @ﬁ?p%‘?t&%)iﬁ%‘t$ eheHiidr-hased ntipxigants can be
The contents of phenol and t-butylcatechol in the
addeg, Bt seapndane entioxdgntsn andehindeisidoaming: stabilizers o UV absorbers
limt (2 ppm by \NEI ght) ~Production of styrene-based

process descri bed in Production Exanple 1. 5The number

oils, dubricaytts NsUctc ak dongashalrt aliphatic ichfbaxgtic|ddid® and / or metal salts
styrene-based copolynmer was 98,000. In addition, the

theré;é;ﬁi\/)ggﬁrinéaﬁﬁﬂﬁvé@t S5chas Srgdnic”ayey oSbrgallc PighhisOtan also be
added.
[0099]
Anthraquinone-based organic dyes for improving coloring are patrticularly
preferable because of little impairment of thermal stability of the copolymer.
Silicone-based and fluorine-based mold release agents, antistatic agents and
other known technologies used in styrene-based resins can also be applied directly.

These stabilizers can be added and mixed into a polymer solution following

completion of polymerization, or they can be melted and mixed using an extruder
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[0120] [Exanple 6] 10Purification of a-nethylstyrene
was carried out in the same manner as Exanple 1. The
contents of phenol and t-butylcatechol in the purified
a- met hyl styrene were below the detection limt (2 ppm
by wei ght). Production of styrene-based copol yner was
following iecavenyt ofqxadymei.ng to t he process described in
Production Exanple 2. The nunber average nol ecul ar
[0100ki ght Mh of the resulting styrene-based 15 copol yner
was 62,000, and the polynerization rates were 99. 8%

f The Jtyrend- %e@o/eéﬁh{rﬁe%@éordir%l?oﬂhd breapt envdntion |shpreferably

Purlflcatlon of a- hyl styrene was carried out in

suﬁ%ﬁé&ff? Eﬁﬁ%rgfrpﬁﬁ@ppéﬁlcﬁ% 2. In ??riﬂ‘égl‘&?eﬂt @fbsesgj‘régﬂl in structural

matqlils aB?-C%ﬁ‘t%FS@t %ﬂ@ﬁ@%@@éﬁ%ﬁﬁ%ﬂ%@%@ Ak g fgidy, as

weII asgord: c?%d ta%lc'igseqrﬁ% 8 fﬁeﬁmés \ng‘?‘i%kg)&gr%o&?ﬁ&dgﬁvteaﬁ]eé ﬁgSance

of the resulting styrene-based copol yner was 61, 000,
and the polynerization rates were 99. 7% for St and
46. 5% for 25 a-MeSt. [0122] [Exanple 8]
Exarpplesf i cati on of a-methyl styrene was carried out in the
sane manner as Exanple 3. The contents of phenol and
[010t} but yl catechol in the purified a-nmethyl styrene were
bel ow the detection limt (2 ppm by weight).

PTRE Y6llowifig Provities anfohndetiledRXpldiatioh ofdise amrstilatd@ purification
out according to the process described in Production

I A e we
oﬁ?&\'gh’o? the resent R/ eMHiBR ethra, s g?B?é@GtHé@’of. Fgggc’amore, the

e resu ting styrene-base mer was 60,

pres%@ﬂg%ﬁ%@?%}’@%@d B tHeRb Bkalfii6s 99 6% for St and
[0102]

First, the following provides a description of evaluation methods used in the
examples and comparative examples.

<Evaluation Methods>
(1) Solubility of Basic Substances in a-Methylstyrene

The solubility of basic substances in a-methylstyrene was judged visually and
evaluated based on the following criteria. In the case a basic substance is a solution,
the state of a-methylstyrene in the reaction oven was observed after recovering the
solvent of the basic substance in the form of an initial fraction.

O: Uniformly dissolved and transparent.

A: Slightly dispersed or suspended.

x: Completely separated.
[0103]

(2) a-Methylstyrene Purification Effects
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[0123] [ Exanple 9] Purification of
a- net hyl styrene was carried out in the sanme manner as
Exanpl e 3. The contents of phenol and t-butyl catecho
in the purified a-nethylstyrene were 5 bel ow the
detection limt (2 ppm by weight). Production of
s Pplasraubstanagscepdaipedriniibe regevered main fiaetioniwese uiantified by
the process described in Production Exanple 2.

gas theomatogeapay §6@gktAT0Skimddzu @erpght TWe amduné of polar substances
resulting styrene-based copol yner was 61, 000, and the

was Pakeitto Bat thentdtalt amoupit eof98cetthflatetoheaBméthyl2-tywlopetenone,
a- MeSt. 10[0124] [Reference Exarrpl e 1]

benfé?&i d Zald OQcé"thgﬁ%ﬁé ed pHé | Bla'i‘c“s%bgé‘i‘l%é %ﬁ%val rate was

ction Exanpl di ng enzofuran to the

dete%tﬁg&?éé@éﬁ{hg%howmﬁ“as?l ution (m xed solution

ene ene and cycl ohexane) to a
[010§?ncentrat|on of 65 ppm based on 15 the
met hyl styrene. [0125] [Reference Exanples 2 to 7]
Benzofuran in the amunts shown in Table 3 was a

CBor ) At (2h) 2 A O fp RON BIPol SHEstAn Cosy REM; | Content of

cond|t| ons were the sane as in Exanple 10. 20[0126]
polal eubstanees beforx anfifieatin (ppm) xCH@Par ati ve Exanple 1 was
carried out in the sanme manner as Exanple 2 with the
[0108kcepti on of using diethanol am ne (anal ytical grade,
Wako Pure Chem cal Industries, Ltd.) for the basic

SHPREALR razté[o?]g?gétel%’a'ﬂoé’é%“"e Exanple 2]

o: Removal rate of greater than 90% to 99%.
a: Removal rate of greater than 80% to 90%.

x: Removal rate of 80% or lower.

[0106]

<Production Process>

[Production Example 1]
(1) Raw Materials

After storing styrene (St: Sumitomo Chemical Co., Ltd.) and cyclohexane (CH:
Idemitsu Petrochemical Co., Ltd.) in a storage tank and bubbling with nitrogen, the
solution was passed through a purification column packed with activated alumina
(KHD-24, Sumika Alchem Co., Ltd.) having a volume of 5 liters to remove
polymerization inhibitor in the form of t-butylcatechol.

o-Methylstyrene (aMeSt: Mitsui Chemicals, Inc.) was purified under the

conditions indicated in the subsequently described examples and comparative
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Conparative Exanple 2 was carried out in the sane
manner as Exanple 2 with the exception of using
pyridine (anal ytical grade, Wako Pure Cheni cal
I ndustries, Ltd.) for the basic substance. [0128]
5[ Conpar ati ve Exanple 3] 200 m of
exampiesyet hyl styrene (Mtsui Chenmicals, Inc.) were placed
in a 300 mM separatory funnel fol | owed by the addition
(2) Initiat®® n of sodi um hydroxi de (10% by wei ght aqueous
sol ution, Wako Pure Chem cal Industries, Ltd.) and

reBatyl mlmﬁgw Wi%sn-hékaré salution V\&kb@lﬁ'bmﬁbmlcal Industries, Ltd.)
undi st ur be a procedure for renoving only the aqueous

was dliu?é’d?Wltl]iQ:y&%ﬁe&&ﬁé’ﬁ&%dfaﬁtdfg)fﬁ'/@"lss Subsequently, 50 m

of distilled water were added 1 nstead of aqueous
Hﬁ% ydrOX| de solution and the sane procedure was
repe ed until the aqueous |ayer becane neutral. The

was, t he % Ll atio .
ihan(iATaptRaL brdk. o P3RS HurB indmital ingiistisS dud ) was diuted
i 2 W t hout addi n? a baS| c substance. 15[0129]
with cy?@%ﬁf‘ﬁﬁ?@é’%@&ﬁﬁﬂéom? 3wt%.A distillation procedure
was carried out in the same manner as Exanple 2
(4) RelymetizatigndMethad basi c substance. [0130]
20[ Conpar ati ve Exanpl e 5] Purification of

Fajacketed sT-liteenreactr (Rt) iattdcbed Wwith saostirrer (Maxblend Impeller,
a-nmethyl styrene in a storage tank and bubbling with

Sumitoma Hesy ndubtrissd Lity.) paescortdnses o mrmarlé%mmed)mth a raw

columm having an inner dianeter of 76 ei ght of

maten@lofééaﬂnéﬁﬂeVQhM%rofeea Rox21é& €a”d &ﬂﬂ%ﬁ@ni&ﬂdﬁ %@ﬂdt'\bﬂt 8Rcharge
al um na (KHD- 24, Sum ka Al chem Co.

nozzlec\ﬁgé eRkd fof t@é‘?o@yrﬁ&@ﬁt%c?e%dt t H‘ﬁeaolﬁfét Eyé enser was

re neasure yl'styrene hat e

sotch 1, yBAH &{%Véﬁ(}%ﬁf%“fcﬁ"ﬁtg%‘?‘% hE ol i e o

PO'vm%%?gEM&iow ﬁ&”ﬁ%‘&%’%ﬁ%ﬁ%ﬁé‘ S35 B SortesRg D, 3 ghS at al

nple 2 with the exception of using a-nethylstyrene
times. s&Tﬁpawnngthﬁa@pymr@twﬂh%olsm WasF cea& ymaintained in a

a- met hyl styrene through the 5purification colum.
boiling state and internal temperature was controlled to from 82 to 84°C. The

rotating speed of the stirrer was 320 rpm. Gear pumps were respectively attached to
the raw material inlet and outlet of the polymerization reactor, and the polymerization
solution was controlled so that a solution mixed at a ratio of St/aMeSt/CH of 10/21/69
(Wt%) was allowed to flow at a constant flow rate of 1.5 L/Hr. In addition, the initiator
was introduced into the polymerization reactor at 0.07 L/Hr.

The living polymer solution discharged from the polymerization reactor was
further led to the inlet of the polymerization terminator solution through a pipe having a
diameter of 10 mm with a gear pump. The length of pipe from the reactor to the
location of mixing with the polymerization terminator was about 2 m, and the pipe was

maintained at a temperature of 65 to 70°C. The terminator solution was introduced
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The nunber average nol ecul ar wei ght M of the
resulting styrene-based copol yner was 61, 000, and the
pol ynmeri zation rates were 99.5% for St and 46. 2% f or
a- MeSt. [0131] 10[ Conparative Exanpl e 6]
Purification of a-nethylstyrene was carried out in the
into thenpolymenizatiers reantioar solutien Bk arfloverate of 0.1 L/Hr, @ne subsequently
content of polar substances in the a-nethyl styrene was

termimated trad pblynesrization geactiat Aftéspassing thrioaghed statid rhixemhaving a
a purification colum 300 hours after the 15 start of

volumé&ﬁﬂgz liftrs AMBBENSMXY, \Sui2s CHipolgiMbreRver thé b@%éﬂholutlon was
col um. Producti on of styrene based copol ynmer was

heat%i("ié 2§6 (“%Wlth b@e exc%%{ then i ‘Sg:lﬁﬁdaﬁ ﬁgﬁfo&ﬂH?ﬁe’lf@O L reactor

t he, start, of

Ied OO ho pas
heatéé‘ ?@?ﬁﬁt %fpv%r Ui el HepkEag PLFSILE eﬁﬁo to fgllowed by
nber aver of the resu
sepatatfonad yseabry 6 solmef aatlSirivagsd Manemerkom the pdymer. The
pol yneri zati on rates were 80. 8%for St and 5. 7% f or
tempgrqjgs; of thelslymeREt ﬁ\eefm,sénr[g(gwpipwrgvaﬁ@bm]t 240 to 250°C, and the
25Benzof uran was added to the pol ynerization raw
retentienetimel of dbepadlymer in thee tantowas saboiud @9 ton3F aninutes.  After being
O her conditions were the sane as in Exanple 10.
adedquaiss Bimevedhbfadlatie déasporients, the polymer wasi isibseduently discharged
eval uating the exanpl es and conparative exanples are
in theé femn of & oY, obledPivith Iddtet BABI tAedlpalletized with a cutter to recover
styrene-based copolymer.
[0107]

[Production Example 2]

A styrene-based copolymer was obtained by polymerizing under the same
conditions and using the same method as Production Example 1 with the exception
making the flow rate of initiator solution into the polymerization reactor 0.16 L/Hr.
[0108]

<Analytical Methods>
(1) Measurement of Molecular Weight (Mn, Mw, Mz, Mz/Mw)

Molecular weights were measured with a GPC system consisting of connecting
two columns (TSKgel SuperHZM-H, 40°C) to the HLC-8220 manufactured by Toray
Industries, Inc. and provided with an RI detector. THF was used for the mobile
phase. Calculation of molecular weights was carried out by preparing calibration
curves using polystyrene standards (Toray Industries, Inc.) and then converting as

polystyrene.

(2) Measurement of Polymerization Rates
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Exanpl e 1 Exanple 2 Exanple 3 Exanple 4 Basic
substance NaOEt EtOH sol. NaOEt EtOH sot. NaOEt EtOH
sot. NaOH H20 sol. pKa of conjugated acid 17 17 17 16
Cat al yst concentration 0.08 0.4

Samples of polymer solution were collected after terminating polymerization
followed by quantification of the amounts of styrene monomer and a-methylstyrene
remaining in the solution by gas chromatography (GC-14B, Shimadzu Corp.). Each
polymerization rate was determined based on formula (a) below.

Formula (a):

Polymerization rate (%) = (1-(monomer concentration remaining in polymer

solution after polymerization / monomer concentration in raw material

solution before polymerization)) x 100
[0109]

<Molding Method>

Molding was carried out under the following conditions using an injection
molding machine manufactured by Funac, Ltd. (AUTO SHOT 15A). The cylinder
temperatures were set to be 215°C, 225°C, 230°C and 230°C moving from the hopper
side. The mold temperature was set to be 60°C, injection time to be 10 seconds and
cooling time to be 20 seconds. Molten resin was filled by applying pressure 5 MPa
higher than the injection pressure at which resin is filled into the mold. An ASTM No.
4 dumbbell having a thickness of 3 mm was molded and used as the sample for
measurement of yellow index.

[0110]

<Evaluation Methods>
(1) Evaluation of Polar Substance Content of a-Methylstyrene

Polar substances contained in sampled a-methyistyrene were quantified by gas
chromatography (GC-1700, Shimadzu Corp.). The temperature of the column
(HR-20, manufactured by Shinwa Chemical Industries, Ltd.) was held at 110°C for 10
minutes and then raised to 160°C at the rate of 5°C/min and then further raised to

230°C at the rate of 20°C/min followed by measurement.
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0.08 0.4 Di schargeofl ow nol ecul arwei ght by-products
Yes Yes Yes Yes Solubility o O A Purification effects
Ooo

[0111]
(2) Evaluation of Dimer Content of a-Methylstyrene

Polar substances contained in the sampled a-methylstyrene were quantified by
gas chromatography (GC-1700, Shimadzu Corp.). Measurement was carried out
under the following conditions.

Column: HR-1 (0.32 mm x 30 m x 0.25 um), non-polar

Carrier gas: He (1 mi/min, split ratio: 1:10)

Column temperature: 200°C — (3°C/min) — 290°C (40°C/min) — 300°C (held

for 20 minutes)

Sample injection port temperature: 250°C

Detector temperature: 280°C
[0112]
(3) Evaluation of Living Index

Living index is an indicator that expresses the closeness to ideal living
polymerization. In the case of ideal living polymerization, since the concentration of
the active species does not change before and after polymerization, the number
average molecular weight (Mn) as calculated from the resulting polymer is
represented with the following formula (b).

Formula (b):

Ideal Mn = Weight of all reacted monomers (g) / total amount of initiator (mol)
The living index is taken to be the difference between the above ideal Mn and the Mn
of the polymer actually obtained, is determined based on the following formula (c),
and is defined as indicated below.

Formula (c):

Living index = ideal Mn/Mn of resulting polymer
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A Conp. Exanple |I Conp. Exanple 2 Conp. Exanple 3
Conp. Exanple 4 Basic substance (EtOH)2NH Pyri di ne
NaOH H20 sol. None pKa of conjugated acid 9 6 16 -
Cat al yst concentration 0.4

o: Living index of greater than 0.8 to 1.2.
a: Living index of greater than 0.7 to 0.8 or greater than 1.2 to 1.3.

x: Living index of 0.7 or less or greater than 1.3.

[0113]
5 (4) Glass Transition Temperature (Tg)

Glass transition temperature (Tg) was determined in compliance with
JIS-K-7121 using the DSC-7 manufactured by Perkin-Elmer Corp. More specifically,
the temperature was raised to 250°C at the rate of 10°C/min, returned to room
temperature at the rate of 10°C/min and again raised to 250°C at the rate of 10°C/min

10 in the presence of nitrogen. The glass transition temperature measured during the
course of the second temperature rise was used as the value of Tqg.
[0114]
(5) Yellow Index
Yellow index was measured in accordance with JIS-K7103 using the

15 SM-5-CH-H2 manufactured by Suga Test Instruments Co., Ltd.

@: Yellow index of 1.5 or lower.
o: Yellow index of greater than 1.5 to 2.0.
a: Yellow index of greater than 2.0 to 3.0.

x: Yellow index of 3.0 or more.
20 [0115]
[Example 1]
Distillation was carried out by simple distillation. More specifically, a

thermometer for measuring liquid temperature was attached to a 300 ml reaction flask
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0.4 - 0 Dischargeofl ow nol ecul arwei ght by-products Yes
Yes No - Solubility AO - - Purification effects x X

containing a rotor, and a K-tube attached with a thermometer for measuring water
vapor temperature, a Liebig condenser, a two-way adapter and a holding flask were
attached thereto. Moreover, a vacuum pump was connected to the adapter through
a vacuum controller (VC-30S, Okano Works, Ltd.) to enable adjustment of the degree
of decompression. An oil bath was used for the heat source.

200 mi of a-methylstyrene (Mitsui Chemicals, Inc.) were placed in the reaction
flask and the liquid temperature was raised to be 80°C. Subsequently, a basic
substance in the form of 0.08% by weight of sodium ethoxide (20% by weight ethanol
solution, Wako Pure Chemical Industries, Ltd.) was added to the reaction flask while
stirring with the rotor. The degree of decompression was adjusted to 230 mmHg and
the liquid temperature was slowly raised to be from 120 to 125°C.

A low boiling point fraction that condensed after reached a boiling point during
heating was recovered as an initial fraction.

The main fraction was recovered when the liquid temperature reached 120 to
125°C and the water vapor temperature also reached 120 to 125°C. The contents of
phenol and t-butylcatechol in the purified a-methylstyrene were below the detection
limit (2 ppm by weight).

[0116]

[Example 2]

Example 2 was carried out in the same manner as Example 1 with the exception
of making the added amount of sodium ethoxide (20% by weight ethanol solution,
Wako Pure Chemical Industries, Ltd.) 0.4% by weight. The contents of phenol and
t-butyicatechol in the purified a-methylstyrene were below the detection limit (2 ppm
by weight).

[0117]

[Example 3]
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X X [0135] [Table 2] Production Process

Basi cSubst anceCont enti na- net hyl styrene

St yr ene- basedCopol yner Eval uati on Results

Acet onyl acet oneand 3-net hyl - 2- cycl opent enone (Wt ppn
Benzal dehyde (W PPni) Living index d asstransition

A thermometer for measuring liquid temperature was attached to a 160 mi

5-mouth reaction flask containing a rotor, and a K-tube attached with a thermometer
for measuring water vapor temperature, a Liebig condenser, a two-way adapter and a
holding flask were attached thereto. Moreover, a vacuum pump was connected to
the adapter through a vacuum controller (VC-30S, Okano Works, Ltd.) to enable
adjustment of the degree of decompression. Moreover, a-methylstyrene was fed into
the flask at the rate of 1.99 ml/min through a pump A. In addition, sodium ethoxide
(20% by weight ethanol solution, Wako Pure Chemical Industries, Ltd.) was fed into
the flask at the rate of 0.008 ml/min through a microfeeder (pump B). The liquid
inside the flask was discharged at the rate of 0.1 ml/min using a pump C. The
pressure inside the system was maintained at 230 mmHg and distillation was carried
out at the rate of 1.9 ml/min. An oil bath was used for the heat source. Once
conditions had stabilized, the distilled monomer liquid was analyzed. The contents of
phenol and t-butylcatechol in the purified a-methylstyrene were below the detection
limit (2 ppm by weight).

[0118]

[Example 4]

Example 4 was carried out in the same manner as Example 2 with the exception
of using sodium hydroxide (50% by weight aqueous solution, Wako Pure Chemical
Industries, Ltd.) for the basic substance.

[0119]

[Example 5]

Purification of a-methylstyrene was carried out by adding 0.8% by weight of a
basic substance in the form of sodium ethoxide (20% by weight ethanol solution,
Wako Pure Chemical Industries, Ltd.), distilling at a degree of decompression of 230

mmHg and liquid temperature of from 120 to 125°C, and recovering the main fraction
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tenperatureTg (C) Yellow index Yl Exanple 5 Production

Exanple 1 <2 <2 0 131 0 Exanple 6 Production Exanple 2

<2 <2 01310
when the water vapor temperature reached 120 to 125°C. The contents of phenol
and t-butylcatechol in the purified a-methylstyrene were below the detection limit (2
ppm by weight). Production of styrene-based resin copolymer was carried out
according to the process described in Production Example 1.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 98,000. In addition, the polymerization rates were 99.7% for St and
48.9% for a-MeSt.

[0120]

[Example 6]

Purification of a-methylstyrene was carried out in the same manner as Example
1. The contents of phenol and t-butylcatechol in the purified a-methylstyrene were
below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 62,000, and the polymerization rates were 99.8% for St and 47.5% for
o-MeSt.

[0121]

[Example 7]

Purification of a-methylstyrene was carried out in the same manner as Example
2. The contents of phenol and t-butylcatechol in the purified a-methylstyrene were
below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.7% for St and 46.5% for
o-MeSt.

[0122]
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Exanpl e 7 Production Exanple 2 <2 <2 0 130 Exanple 8
Production Exanple 2 36 15 0 130 0 Exanple 9
Producti on

r[éiémple 8]7

Purification of a-methylstyrene was carried out in the same manner as Example
3. The contents of phenol and t-butylcatechol in the purified a-methylstyrene were
below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based

copolymer was 60,000, and the polymerization rates were 99.6% for St and 46.3% for

a-MeSt.
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Exanple 2 72 21 0 130 A Conparative Exanple 5
Production Exanple 2 105 32 0 130 x Conparative
Exanpl e 6 Production Exanple 2 185

[0123]

[Example 9]

Purification of a-methylstyrene was carried out in the same manner as Example
3. The contents of phenol and t-butylcatechol in the purified a-methylstyrene were
below the detection limit (2 ppm by weight). Production of styrene-based copolymer
was carried out according to the process described in Production Example 2.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.7% for St and 46.4% for
o-MeSt.

[0124]

[Reference Example 1]

Polymerization was carried out in accordance with Production Example 2 by
adding benzofuran to the polymerization raw material solution (mixed solution of
styrene, a-methylstyrene and cyclohexane) to a concentration of 65 ppm based on
the a-methylstyrene.

[0125]

[Reference Examples 2 to 7]

Benzofuran in the amounts shown in Table 3 was added to the polymerization
raw material solution. Other conditions were the same as in Example 10.

[0126]

[Comparative Example 1]

Comparative Example 1 was carried out in the same manner as Example 2 with
the exception of using diethanolamine (analytical grade, Wako Pure Chemical
Industries, Ltd.) for the basic substance.

[0127]

[Comparative Example 2]
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52 x 106 x [0136] [Table 3] Anountof benzofuran
added to a- nethylstyrene (Pn) Cony. Mol ecul ar Wi ght
DSC Tg Yel l ow I ndex (YI)

Comparative Example 2 was carried out in the same manner as Example 2 with
the exception of using pyridine (analytical grade, Wako Pure Chemical Industries,
Ltd.) for the basic substance.

[0128]

[Comparative Example 3]

200 ml of a-methylstyrene (Mitsui Chemicals, Inc.) were placed in a 300 ml
separatory funnel followed by the addition of 50 mi of sodium hydroxide (10% by
weight aqueous solution, Wako Pure Chemical Industries, Ltd.) and shaking 100 times.
After allowing to stand undisturbed, a procedure for removing only the aqueous layer
was repeated five times. Subsequently, 50 mi of distilled water were added instead
of aqueous sodium hydroxide solution and the same procedure was repeated until the
aqueous layer became neutral. The oily layer was then removed and a distillation
procedure was carried out in the same manner as Example 2 without adding a basic
substance.

[0129]

[Comparative Example 4]

A distillation procedure was carried out in the same manner as Example 2
without adding a basic substance.

[0130]

[Comparative Example 5]

Purification of a-methylstyrene was carried out by storing the a-methylstyrene in
a storage tank and bubbling with nitrogen followed by passing through a purification
column having an inner diameter of 76.3 mm, height of 600 mm and volume of 2.5
liters packed with activated alumina (KHD-24, Sumika Alchem Co., Ltd.).

The contents of basic substances in the a-methylstyrene were measured by

sampling a-methylstyrene that eluted from a purification column 200 hours after the
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Styrene a-MeSt M 1 CO Mhx 1 0-4 Ref erence Exanpl e
1 65 >99.9 50 23.8 11.3 125 0 Reference

start of passage of a-methylstyrene through the purification column.

Production of styrene-based copolymer was carried out using the method
described in Production Example 2 with the exception of using o-methylstyrene
sampled 200 hours after the start of passage of a-methylstyrene through the
purification column.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 61,000, and the polymerization rates were 99.5% for St and 46.2% for
ao-MeSt.

[0131]

[Comparative Example 6]

Purification of o-methylstyrene was carried out in the same manner as
Comparative Example 5.

The content of polar substances in the a-methylstyrene was measured by
sampling a-methylstyrene that eluted from a purification column 300 hours after the
start of passage of a-methylstyrene through the purification column.

Production of styrene-based copolymer was carried out using the method
described in Production Example 2 with the exception of using o-methylstyrene
sampled 300 hours after the start of passage of a-methyistyrene through the
purification column.

The number average molecular weight Mn of the resulting styrene-based
copolymer was 60,000, and the polymerization rates were 80.8% for St and 5.7% for
a-MeSt.

[0132]
[Reference Examples 6 and 7]
Benzofuran was added to the polymerization raw material solution in the

amounts shown in Table 3. Other conditions were the same as in Example 10.
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Exanple 2 210 >99.9 65 26.3 12.5 131 0 Reference

Exanple 3 500 >99.9 72 28.7 14 133 0 Reference

[0133]

<Evaluation Results>

The results of evaluating the examples and comparative examples are shown in

Table 1.
[0134]

[Table 1]

Example 1 Example 2 Example 3 Example 4

Basic substance | NaOEt EtOH sol. | NaOEt EtOH sol. | NaOEt EtOH sol. | NaOH H,0 sol.
pKa of conjugated acid 17 17 17 16
Catalyst concentration 0.08 04 0.08 04
Discharge  of  low Yes Yes Yes Yes
molecular weight
by-products
Solubility o o o A
Purification effects o o o N

Comp. Example 1

Comp. Example 2

Comp. Example 3

Comp. Example 4

Basic substance (EtOH),NH Pyridine NaOH H,0 sol. None
pKa of conjugated acid 9 6 16 -
Catalyst concentration 04 04 - 0
Discharge of Ilow Yes Yes No _
molecular weight

by-products

Solubility A o - -
Purification effects x X X X
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Exanple 4 1000 >99.9 75 28.7 14 134 A Reference

Exanple 5 4000 >99.9 76 28.7 14.1 134 A Reference

[0135]
[Table 2]
Production | Basic Substance Content in - | Styrene-based Copolymer Evaluation
Process methylstyrene Results
Acstonylacetone  and | o oiqehvde | Living | G255 Enstion | veo,
3-methyl-2- temperature  Tg
cyclopentenone (wt ppm) | (Wt PPIM) index | index Y1
Example 5 | Production <2 <2 o 131 ®
Example 1
Example 6 | Production <2 <2 o 131 °
Example 2
Example 7 | Production <2 <2 o 130 °
Example 2
Example 8 | Production 36 15 o 130 o
Example 2
Example 9 | Production 72 21 o 130 A
Example 2
Comeparative | Production 105 32 o 130 x
Example 5 | Example 2
Comparative | Production 185 52 " 106 x
Example 6 | Example 2
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Exanple 6 10000 >99.9 74 28.5 13.8 134 x Reference
Exanple 7 0 >99.9 44 21.2 10.2 121 O

[0136]
[Table 3]
Amount of | Gonw. Molecular Weight | DSC Yellow
benzofuran
added to o | Styrene |o-MeSt [Mw  x|Mn x|Tg Index
methylstyrene 107 10% (Y1)
(ppm)
Reference 65 >09.9 50 238 11.3 125 o
Example 1
Reference 210 >09.9 65 26.3 12.5 131 o
Example 2
Reference 500 >99.9 72 28.7 14 133 o
Example 3
Reference 1000 >09.9 75 28.7 14 134 a
Example 4
Reference 4000 >09.9 76 28.7 14.1 134 a
Example 5
Reference | 40000 >09.9 74 28.5 13.8 134 x
Example 6
Reference 0 >99.9 44 21.2 10.2 121 o
Example 7

Industrial Applicability
[0137]

According to the present invention, highly pure a-methylstyrene can be provided
by efficiently removing trace amounts of polar substances contained in
a-methylstyrene, which were unable to be removed in the prior art, without requiring a
complex process. The resulting a-methylstyrene is useful as a monomer for
industrial production of polymers, and allows the obtaining of high molecular weight

polymers free of coloring.
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S5l ndustrial Applicability [0137] According to the
present invention, highly pure a-nethyl styrene can be
provi ded by efficiently renmoving trace anounts of
pol ar substances contai ned in a-nethyl styrene, which
were unable to be renoved in the prior art, wthout
requiring a 10 conpl ex §L63@§s. The resul ting
a-met hyl styrene is useful as a nonomer for industria
1. A mgthed fet produeing somethuistyreaadcemprisirg theesteps afi ni ng of
hi gh nol ecul ar wei ght polyners free of col oring.
reaglingsa polat substamceehwhich containsca canbgny-costaiging comeoend, and
conprising the steps of: reacting a pol ar
which suttained indriméthgistyrenanin the paesemeglof adoasiti substance wherein a
~conpound, and which is contained in a-methylstyrene in
basicity lod ther basic sabsthnee [sat0 or molesinaenms vhamn acid dissoclaish Cohytant
of the basic substance is 10 or nore in terns of an
pKa ofas conjdgateamicibf the basitsdubstangp of a conjugate acid of
t he basi c substance; separating a | ow boiling

SepardtingoaPIoWE BbiliRg QsbasteBorgohdift prodaced byl themeaction from a
m xture of a reaction product of the polar substance

mixturéonéfai ai N@attish CprRRURY| -oFonthai Npdlar CouBRAEE aB8ntaining the
a- met hyl styrene; and 10separating a-nethyl styrene from

carboﬁ)m%omdﬁmﬁ €or o&ﬁ@aﬁ&@ﬁﬁ\b lsg% nyf‘céncpf the pol ar

subst ance” contal ni ng t cont ai ni ng COI’TpOUﬂd

s@ﬁir&lﬂ WétﬁﬂWy?él'Fe frém the Wﬁ%tﬁ@of‘ Ak r@é@%‘ﬁ%rﬂ&uct of the polar

a- met tyre conprising the steps react

tdriek Ya-irie g

subsifigeTonRiiing RF GarbBhfioniahlg Tt @@ﬁ“é “ﬂﬁﬁz'%br@ene
in the presence of a basic substance wherein a
basicity of the basic substance is 10 or nore in termns

2. Amd Bihdd fof bt q%igg{@ egﬁu)ggtpreﬁ%e33%%3:95‘%%%%@; of |an ;ggt e
BRELE pBles Sub e WblohhobBy s, ﬁ?%ﬁ*&?g&té@@@ oot and
which ¥ SGf5eS E’bf’flf}ﬁf*ﬁﬁyl?@r"éﬁﬁﬁﬁh §°°§ﬁ%f°:§ %%?@?Sémce whyein a

basiciy 3¢ b =Daehos = 16 o o i Epe o A #c fisShteh qanstant
b |- d hyl
pa of 8 CaRIaiE Fhk o @‘Fr%s %sﬁr@‘c&?”@tﬂy{?ﬂeﬁéy;ﬁﬂirdi g

to aiml .o wherein the, 25 basic bst an
%%Paf%t"igoﬂﬁamae b Bollgs Boin emhanenteroaony by the feaction
al k ne earth metal

and o-met y‘styrene from a reaction product of the polar substance containing the
carbonyl-containing compound and a-methylstyrene; and
separating a-methylstyrene from the mixture of the reaction product of the polar

substance containing the carbonyl-containing compound and «-methylstyrene.

3. The method for producing a-methyistyrene according to Claim 1 or 2, wherein the
basic substance is a basic compound containing an alkaline metal or alkaline earth

metal.
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4. The nmethod for produci ng a-nethyl styrene accordi ng
to any one of Clains 1 to 3, wherein the polar
substance containing the carbonyl -containi ng conpound
contai ns a carbonyl group-containing conpound and a
m xture of phenol and catechol. 5 5. The nethod for
produci ng a-net hyl styrene according to C aim 4,
wherei n the carbonyl group-containing conmpound is a
4. Thecmetwnghior pegdusingneedetbylstyrene acdanding do goyienel of iGlaims hito 3,
(1) or general formula (2): 001 RI2ZR3 0 Il CGR(2
where{nitherpsilar sshstance dabiaimag shelcabonyldeptainieg cbmpound contains a
represents a hydrogen atom or an al kyl group having 1
carboiyl géoupacdrdainirigocempeurd &t a egixtaseoft ghemol ahdk ghteghalup
having 1 to 6 carbon atons). 15 6. The nethod for
produci ng a-net hyl styrene according to C aimb5,
wherei n the carbonyl group-containi ng conpound

5. Thé anéthod Sfortprb@asih Qilmetﬂwmgwhé a6dordihg of CRIf 4, wherein the
acet onyl acet one, met hyl - 2- cycl opet enone,

carboR@ ngralifeBKedmiRg Consiunais e Rempbund @Fié%_@ﬁté‘d%y the following

produci ng styrene-based copol yner i Vi ng ani onic

generaﬁbmbl(iﬁbigéhéﬁ fafhina (ay: et hyl styrene for anionic
pol ymeri zation, wherein a total content of an

al i phatic carbon conpound represented by the

foll owin ener formula (1) and an intranol ecul ar

dehydrati n condgnsate thereof is 100..p.prq113}/ wei ght or
0

| ess, aﬂ 8 nt of an aromatic carb compound
repreRetethhe | owi ng general formula (2) is
present at 30 ppm by wei ght or | ess:

i
C———-R4 *® 00 00 (2)
(wherein each of R!, R® and R* independently represents a hydrogen atom or an alkyl

group having 1 to 6 carbon atoms, and R? represents an alkyl group having 1 to 6

carbon atoms).

6. The method for producing a-methylstyrene according to Claim 5, wherein the
carbonyl group-containing compound contains at least one compound selected from

acetonylacetone, 3-methyl-2-cyclopetenone, benzaldehyde and acetophenone.

7. A method for producing styrene-based copolymer by living anionic polymerization
using o-methyistyrene for anionic polymerization, wherein a total content of an
aliphatic carbonyl compound represented by the following general formula (1) and an

intramolecular dehydration condensate thereof is 100 ppm by weight or less, and a
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RIRZR3 Il ¢ R4 5 (wherein each of R1, R3 and R4

i ndependently represents a hydrogen atom or an al kyl

group having 1 to 6 carbon atons, R2 represents an

al kyl group having 1 to 6 carbon atons). 8. The

taod, f roduci ng, styrene-based copol ynmer accordi ng

contefiE'd%h aidmale cAtanvh sompeting dapreseniadcbyiohe ORRNAY genera
formtﬁé‘ﬁ%)g bechoLs contained in the a-nethylstyrene is 0g

pp € (Weeghat 3 pprady weightierdesset hod for produci ng

styrene-based copol yner according to Claim?7. or 8,

wher ei n a()ontenOof a- net hyl styrene di ner contai ned

in the a-mffethyl styrene is less 15 than 5 ppm by

wei ght . 0. Theljmret hod for produci-ng-e-ty(;p?e- based

copol ave9pdi ;ggg any one of C ains o 9,

wher e the FiMving Ironic polynerization is carried

out by using the a- met hyl styrene and a vi nyl

aromatic m)nomsrq_épresent ed by the follow ng general

20 for 3): C=C (3) R (wherein R5 represents a

hydr ggen at O ag al k group having 2 or nore carbon
or , and R6 repﬁesenﬂg)a hydr ogen
yl

atom N a hydroxyl group, an al group, an
al koxy group, a carboxyl group or a hal oal kyl group).

wherei ' R? i
(wherein each of R', R® and R* independently represents a hydrogen atom or an alkyl

group having 1 to 6 carbon atoms, R? represents an alkyl group having 1 to 6 carbon

atoms).

8. The method for producing styrene-based copolymer according to Claim 7, wherein

a content of alcohol, phenol and catechols contained in the a-methylstyrene is 10 ppm

by weight or less.

9. The method for producing styrene-based copolymer according to Claim 7 or 8

wherein a content of a-methylstyrene dimer contained in the a-methylstyrene is less

than 5 ppm by weight.

10. The method for producing styrene-based copolymer according to any one of
Clai . . o
laims 7 to 9, wherein the living anionic polymerization is carried out by using the

a-methyistyrene and a vinyl aromatic monomer répresented by the following general

formula (3):
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(wherein R® represents a hydrogen atom, an alky! group having 2 or more carbon
atoms or a phenyl group, and R® represents a hydrogen atom, a halogen, a hydroxyl

group, an alkyl group, an alkoxy group, a carboxyl group or a haloalkyl group).
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